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HIGHER EDUCATION: SOME VIEWS OF А TEACHER- 
EMPLOYER. 


By WILLIAM CRAMP, M.Sc. (Tech.), Member. 
ABSTRACT. 


(Address delivered October 27, 1911.) 


It has long been my intention, so soon as circumstances should 
permit, to suggest for your consideration certain questions, upon the 
the answers to which the future of our very nationhood depends. 
Of these questions I shall take now but two, namely, “ What sort 
of higher education is best?" and ' How can that type of educa- 
tion be given?" 

І shall try to give such an answer to these questions as shall apply 
to all professions, though, for various reasons, I shall in the matter 
of examples confine myself to engineering. 

At the outset it is well to clear the ground by defining what I intend 
to consider. Herbert Spencer* has already classified for us the activi- 
ties which constitute human life, and from his divisions I shall select 


* Essay on Education. 
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three as defining the proper scope of higher education. These three 
are, in Spencer's own words :— 


1. Those activities which by securing the necessaries of life 
indirectly minister to self-preservation. 

2. Those activities which are involved in the maintenance of 
proper social and political,relations. 

3. Those miscellaneous activities which fill up the leisure part of 
life, devoted to the gratification of the tastes and feelings. 


It is obvious that, while higher education should have to do with all 
three divisions, it cannot attempt to cover them. It can but aim at 
initiation. But even so, it should inculcate all those qualities which we 
would have in a man who is about to start upon his serious life-work, 
not the least of which is the ability to make himself useful to his 
employers. It is largely because I know that our technical schools and 
universities are now producing men not in the fullest sense useful to 
their employers, that I am bringing the matter before this Institution. 
The recent serious attempt on the part of the Institution of Civil 
Engineers to focus current opinions of the education of an engineer 
has, I think, failed completely. It was indeed bound to fail for many 
reasons; but chiefly because, like courses at many colleges, it was 
confined to the first of my three divisions, which is, I think, exactly 
where modern teaching institutions differ from the older universities. 

Modern higher education in practice, if not in theory, aims at 
producing a finished and specialised animal instead of a plastic, well- 
informed and broad-minded man. It aims at producing a sort of in- 
dustrial bee instead of a rational being ; andresultsina type which, under 
given circumstances, is warranted to do the right thing, but which when 
new circumstances arise is either confused or helpless. The profes- 
sions for which higher education specially caters, year by year become 
increasingly complex; so that the period of training for a specialist 
constantly becomes longer and more arduous. For this reason, in my 
opinion, it is no more possible to produce a useful specialist in turbines, 
wireless telegraphy, or any other branch of engineering at the age of 
twenty-one, than it is to produce a first-rate brain, ear, or eye specialist. 
The very idea of the latter would be regarded as ludicrous, but the 
former is often expected. It is this attitude which has resulted in a 
university curriculum that is superficial, crowded, and unsatisfactory, 
though it embraces only the first of our three divisions. And the 
problem that presents itself now is the rearrangement of the college 
course so that it shall be possible to deal with all three forms of activity 
without producing more congestion and superficiality. 

This, I think, may be achieved by keeping two main objects in view. 
The first is the co-ordination and arrangement of the various paths 
leading from the infant school to the finishing school or university. 
The second is the proper planning of higher education, so that it 
is correlated with the succeeding paths in life. 
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Of the first object I shall have little to say, since it is engaging the 
attention of men far better versed in the subject than I am. But this 
I believe, that sooner or later we must cut a broad and clear road 
from the kindergarten to the various institutions for higher educa- 
боп. Some nations have already shown us how to do this, notably 
Germany. Of their experience we may make good use; and one 
attempt, perhaps the best attempt, to do this has been put forward 
by a member of this Institution, Dr. Robert Pohl.* Whether we 
approve of his scheme or not, we must at least admit that it forms 
à good starting-point for discussion, that it is conceived in a broad 
and unbiassed spirit, and that great care has been taken to avoid the 
mistakes of Prussia, and to retain whatever in our existing chaos 
has been found to be good. 

Of the other object, I think myself not altogether unfitted to speak. 
If seven years climbing from apprentice to works’ manager meant 
lost time in some directions, it also gave me magnificent opportunities 
of knowing what the ordinary workman thinks; and I well know how 
fit one feels for the study of geometry after sweeping out the shop. If 
eight years teaching led toa salary smaller than that of many a foreman 
it showed me at least the relationship between the academic teacher and 
his students ; and when it became my turn to learn the verb “to employ " 
in its active voice, I had the unique opportunity of observing the careers 
of those very men whom I had actually helped to train. Such oppor- 
tunities of observation are invaluable as showing the extent to which 
the training fits the man for the world; and I regret to say that the 
record is not too encouraging. 

The first and most striking fact about the career of the average 
student I have recently tried to emphasise.+ It is perhaps best summed 
up by a sentence in a letter to me from the late Professor Ayrton, dated 
April rg, 1902. І had written to Professor Ayrton complaining of the 
narrow scope of the Central Technical College course. In his reply he 
said, “ The great difficulty about the third year men's training is our not 
knowing what branch of electrical engineering they are going to take 
up.” Precisely! And I might add that, even if this were always known, 
it would not follow that it was the branch they were going to stick 
to. Indeed the most remarkable thing is the number of quite different 
positions almost every man has to fill before he settles down into his final 
special groove. As an employer, then, the first fault that I have to find 
with students is the narrowness of their field of vision, the inflexibility 
and too great specialisation of their knowledge. Employers do not 
want men who can only do oze thing properly. Business is not built 
50 as to provide a niche for every saint. Оп the contrary, men, 
having varied work to cope with, must be capable of dealing with 
those varieties. But what do we find? If a man is excellent as 
à draughtsman, he may lack scientific knowledge. If he can calculate 
accurately a new range of motors, he very likely lacks polish, culture, or 


* Education, April 2, 1909. Technical Fournal, July, 1910, p. 108. 
T Technical S'ournal, vol. iv., No. 11, p. 53. 
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tact. If he has culture and polish, he often lacks all sense of business 
procedure. So Iam going to ask that every man who leaves a technical 
college shall possess, first, a wider scientific knowledge, and, secondly, 
wider general culture. In short, we want men to have had with their 
scientific training that truest form of education which will give them 
what the late William James called “ width of field of consciousness.” 
Thus and thus only can they obtain with ripened experience that 
greatest asset to the community, sound judgment in all things. 

I submit, then, that the first necessary reform is abandonment of 
any attempt at specialisation within the ordinary three years' college 
course. Indeed I believe the time has come when, in the case of 
engineering at the age of twenty-one, we ought hardly to expect even 
differentiation between electrical and mechanical engineers. 

Specialisation should, I think, be provided for later, either by 
higher university training or by experience in the ordinary walks of 
life. Think how such a change in the curricula would simplify the 
whole problem of education! It would relieve the tension in primary 
and secondary schools enormously. It would produce the type of man 
that we, as employers, really nced, and it is the only way, in my 
opinion, of providing the time required for that greater width of field 
of consciousness to which I have already referred. 

Such a reform also would fit in perfectly with the scheme of 
education proposed by Dr. Pohl, for it would standardise a general 
curriculum in all technical schools and colleges throughout the country 
for the first three years of training, while higher training than this 
could be given at scholarship-aided centres. It is not necessary to 
elucidate a point which has already been dealt with so forcibly in the 
paper referred to; but it may be remarked that this scheme would 
accord well with the dovetailing between manufacturers and training 
colleges, so much insisted upon by Professor AYRON in the report 
of the first Moseley Commission. 

To crystallise these ideas let us suppose the varieties of training 
divided according to the general professions to which they are 
intended to lead, and during the ordinary three years of higher 
education let no specialisation by further subdivision be permitted. 

Then we must ordinarily provide schools for Medicine, Law, 
Engineering, Architecture, Theology. There is, as far as each general 
course is concerned, no necessity whatever to distinguish between so- 
called “ риге” and “technical.” * The general course corresponding 
to each profession would be arranged so as to cover Spencer’s 
three divisions. There would thus in each case be training in— 


1. The science appropriate to the profession (Fach Kenntnis). 
2. Social, political, and commercial relationships. 
3. Language, literature, and art. 


* Thus will one of the greatest modern bugbears be abolished. I referto the 
stupid rivalry between the theoretical men and the practical men—so-called. The 
former plume themselves as members of a higher caste, and the latter as men of 
greater achievement. The result is melancholy but comic. 
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Each division should have its appropriate manual training and 
practical work. 

Of the three divisions the first only is peculiar to the particular 
“Fach.” Valuable advantage may be taken of the fact that the other 
two are common to all students by making sure that there is no 
subdivision according to “Fach,” but rather the reverse. This will 
lead at once, and naturally, to salutary mind-widening results now 
non-existent except at the residential universities. 


SECTION I.—THE SCIENCE APPROPRIATE TO THE PROFESSION. 


This is the one section at present considered by day colleges. I 
have given reasons for my belief that it should be generalised and 
broadened, and I must now show how I think this can be done. My 
method is simple; it is by fusion, simultaneous teaching, and cor- 
relation of all the usual subjects. 

As emphasising the necessity for linking up the hitherto separate 
sciences, I heard Professor Rutherford say when he received the Nobel . 
prize for chemistry, that he could not imagine why it was given to him 
since he did not know a single word about chemistry And so it is with 
the work of Sir J. J. Thomson, Ostwald, Van’t Hoff, Faraday, and other 
original workers. You cannot say to what division their work belongs. 
It touches physics, chemistry, applied science, mathematics in almost 
equal proportions ; and it is successful because these men grasp the 
significance of the principles upon which all science (not one science) 
depends. To give this same grasp is, or should be, the object of this 
section of higher education.* 

If such broad educational highways can be adopted they will be 
found to lead ultimately, on the one hand, to fundamental conceptions 
of the universe, and, on the other, to those limits of detail-know- 
ledge which form the proper starting-point for true research. Under 
such a system a man not only learns to think, but to think imperially, 
or rather universally. In whatever region of science he is working 
he is measuring—always measuring. Always interpreting one 
physical phenomenon in terms of another—that is measurement. 
In every region he is at home: he knows the language, he has his 
lines of communication always open, he is ever connected with the 
neighbouring kingdom or colony. For him knowledge is an har- 
monious whole, a great federation, a united empire. 

This is the very ideal of the teaching of science as I see it ; that 
there shall be no watertight compartments, no separate “ subjects." 
To give such teaching effectively there will have to be, I think, a 
vast change in the fersonnel of our colleges, at least as far as the 
elementary classes are concerned. The aristocratic exclusiveness of 
the “professor” must go; the democratic communism of the philo- 
sopher must supervene. Men who have a keen interest in teaching 
for teaching's sake must be sought for. Men who love to show an 


* In the full paper an example showing the application of this method to 
engineering was given in some detail. 
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old truth in a new garment, who are never tired of presenting the 
old landscape from a new point of view. For enthusiasm and life 
in their work they must rely on these interests, and on a psychological 
and sympathetic interest in their students. They must be psychologists 
rather than research-fellows ; and students of human nature rather 
than of some recondite detail of scientific enquiry. 


SECTION II. 


We turn now to the second section of my proposed general course 
which I have termed “training in social, political, and commercial 
relationships." It is necessary for me to make clear what I mean by 
practical work in this section. I regard as such any well-regulated 
function at which student rubs shoulder with student under conditions 
of control, voluntarily imposed and maintained. Thusa football match, 
the management of a rowing club, or a union debate are all included, 
and much that is purely physical must fall within the course. It is this 
section that produces manliness (so woefully lacking in many technical 
schools). It is this section which distinguishes the older from the more 
modern universities. But the older universities fail grievously in one 
direction, for while they develop manliness, they also develop (towards 
outsiders) that collection of characteristics called “ side.” Professor 
Hartog has provided me with an excellent definition of side, which, 
he says, “is the unnecessary expression of superiority at the improper 
time.” | 

An examination of the constitution of the social side of one of the 
older universities shows it as a rigidly exclusive privileged community 
embedded in the nation, yet distinct from it. 

Within this community there are two well-marked classes, viz., 
graduates and undergraduates. Connecting the two there is a certain 
amount of graded inter-communication, but either class is in itself 
almost a pure democracy, and both classes agree in regarding them- 
selves as select and apart from the outer world. 

Thus, as far as the undergraduate is concerned, the university 
appears as a socialised organism rather than as part of an organised 
socialism. Save certain small distinctions of “set” and intellect, all 
undergraduates for whatever profession preparing are equal and re- 
garded as equal by their rulers. They eat together, live together 
(except as regards sleeping), work together, and play together. So long 
as a man does not step outside the conventional “ good form," he is 
tolerated and has his rights. The result isa rounding and smoothing 
and removal of the burrs; a “ fettling," so to speak, of the otherwise 
rough castings. No man can rise but by individual effort; and this 
“individualism ” blended with a certain strong feeling of esprit de corps, 
of corporate life, of unconscious belief in community of interest, and 
of the necessity of continued action if the life is to be maintained, 
tends toward that sense of responsibility known as manliness. This 
sense, again, is greatly assisted by the knowledge that the product, 
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when fettled, is generally accepted ; which knowledge in turn tends 
towards a belief in the product, and towards a certain faith in the 
infallibility of the University. Thus do self-reliance (which is part 
of “manliness”), and self-assurance (which is part of “ side”), go to 
some extent hand-in-hand, so long as the university is an exclusive social 
organism. 

While the common life at the university is to some extent restricted 
and narrow, in another sense it is wide and free. Short of the “Thou 
shalt nots" which come within the proctors' purview, it is open to a 
man to do largely as he pleases. He may get himself into debt or his 
* cight," or whatever else may attract him, without let or hindrance. 
He finds himself, in short, for the first time a tolerably free agent in a 
little democratic state, with little to restrain him but the opinion of those 
he selects for his fellows. This it is which leads to self-reliance, and 
incidentally produces that effect recorded by the housemaid after the 
incident in the kitchen, when she declared that “ Oxford had made 
quite a man of Master Verdant.” 

In other ways also, the freedom accorded to undergraduates is 
extremely salutary, as, for instance, in the liberty as regards work 
and play. In the time-table for the Cambridge Mechanical Sciences 
Tripos, I find no set course for any day after т p.m. This does not 
mean, of course, that no work is to be done after that hour, but that 
such work is to be decided upon and arranged by the students them- 
selves in conjunction with their tutors, and that physical and social 
exercises are to have their due place. In many colleges the trust 
implied is not misplaced, and with a little alteration of the general 
university tone almost all the colleges might rise to this level. 

Generally, then, of life at the older universities we may say in 
Touchstonese : That in respect of itself it is a good Ше; but in respect 
that it is an easy life it is naught. In respect that it is democratic, I 
like it very well; but in respect that it is exclusive, it is a very vile life. 
Now in respect that it is in the university it pleases me well; but in 
respect it is not in the world it is harmful. Asit is a social life, look 
you, it fits the youth well; but as there is no real independence in it, it 
goes much against the man. 

Now nearly all the virtues of the older universities arise from the 
fact that the colleges are residential ; but residential universities cannot 
be provided ad infinitum, nor would they be used if they were. Nearly 
all the faults arise from the autonomous and exclusive nature of the resi- 
dential colleges, and their segregation from the multitude; but non- 
residential colleges cannot be exclusive or segregated, and very rarely 
are they autonomous. The problem, then, is how to retain the advan- 
tages of a non-residential college while adding the beneficial effects 
of :— 

I. Freedom of action and individual responsibility (competition). 
2. Corporate life and social responsibility (co-operation). 


I suggest that in ordinary day colleges and technical schools the 
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first of these must be encouraged by the provision of a principal and 
staff who are in the best sense of the words men and gentlemen. 
Just as Arnold's influence permeated Rugby, so will the example of a 
courteous, refined, dignified, broad-minded and capable principal be 
reflected in staff and students.* 

Yet in the selection of a college staff, how little note is taken of 
these things! ‘The most essential things of all lie in the personality 
of the teacher,” says Sadler; and still either a university degree or 
original work is the chief reason for the selection of a teacher. Even 
among the teachers themselves, I am afraid there are not a few whose 
attitude of mind is expressed by that negro who said, “Oh Lawd, de 
cotton am so grassy, de work am so hard, and de sun am so hot, dat I 
b'lieve dis darky am called to preach." 

I hold it to be absolutely essential for the student to feel that 
cvery member of the staff is utterly incapable of mean or dishonourable 
action. Imagine the moral effect of the following scene, which took 
place in a London college not long ago. The lecturer was in the 
middle of his lecture, and had turned his back for a moment, when 
peas were shot at him from a back bench. Turning quickly, he said, 
" How dare you behave like that ! If it occurs again, I shall know 
how to deal with it." A few moments later, of course, it did occur 
again. The teacher turned, and, fixing his eye on a certain culprit, 
said, “АШ right, Mr. A., it is your turn now, but when the examination 
papers are corrected, it will be my turn to score." The insinuation is 
almost too mean to be credible. Compare this incident with the state- 
ment of the negro, Booker Washington,+ who declares, “Тһе older I 
grow, the more I am convinced that there is no education which onc 
can get from books and costly apparatus equal to that which can be 
gotten from contact with great men and women." 

Next in importance to choice of staff, is confidence in the student ; 
which must be shown by the omission of unnecessary register signing, 
checking of hours, insistence on attendance, and general shepherding. 
Twice have I come into touch with large technical colleges in which, 
when the student had once entered at 9.30 a.m., he was not allowed to 
pass the janitor till 12.30 p.m. without a special permit from a lecturer ; 
and there are many similar cases of irritating and irrational restraint. 

I hold that to get a man to his college at least punctually is desir- 
able, but to keep him there by force is a sorry comment on the attrac- 
tiveness of the studies and the trustworthiness of the man. 

I have already referred to the trust implied at Cambridge in the 
matter of hours. This, under proper influences, encourages men to 
teach themselves ; and of all the objects of higher education, learning 
how to learn is one of the foremost. As an electrical engineer might 
say, We must have men with a high “coefficient of self-iustruction." 

Directly connected with individual responsibility is that subtle 


* Cf. “ Moral Instruction and Training in Schools," International Report, vol ii., 
. 346. 


t “Up from Slavery.” 
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quality “initiative,” than which none is more useful to employer and 
employed. It is a quality mot very rare in young children, but 
it apparently fades with age, for it is very rare in men of twenty- 
one. The reason is not difficult to find. Frederick Harrison 
has laid his finger upon it in his autobiography. For he says: 
“Тһе Commoners, іп the main, seemed to me, somewhat raw 
Iads, without interest in art, or knowledge of the world. I was 
regarded as eccentric, if not mad. At Oxford any one was ‘mad’ 
who had any sort of individual taste or was careless of the 
conventions.” But initiative is the offspring of meditation, and only 
flourishes in untrammelled freedom, unhindered by form and conven- 
tion. What wonder is it, then, that within the cold confines of public 
school and university, with their “ good form” and set expressions, this 
glorious quality sickens and soon dies? Apart from all question of 
special knowledge, what wonder is it that our Army officers lack 
initiative, our business leaders lack initiative, our political leaders lack 
initiative, when from boyhood to manhood they are perpctually re- 
minded that originality is outré and individuality “bad form”? 

What shall we do, then, to be saved? One thing only it would seem 
is of any avail. Remove from the university course every influence 
that can stunt the mind. Give width and play and freedom to every 
legitimate leaning, and you shall see the initiative of the child blossom 
again inthe man. Encourage suggestions, questions, modes of proof, 
independent reading and thought. Say to your men: “Тһе laboratory 
will be open this afternoon for those who want to try any experiment 
on their own account," resolving, of course, for safety's sake, that you 
will be there too. 

In his excellent book, * Up from Slavery," Booker T. Washington 
has given very cogent help in this matter. I cannot do better than 
quote one passage : “ At Hampton it was a standing rule that, while the 
institution would be responsible for securing some one to pay the 
tuition for the students, the men and women themselves must provide 
for their own board, books, clothing, and room, wholly by work, or 
partly by work, and partly in cash. At Hampton, the student was 
constantly making the effort through the industries to help himself, 
and that very effort was of immense value in character building." 

If some similar scheme involving effort on the part of the student 
to enable him to retain his opportunities could be devised for our 
colleges, we need never bewail the loss of initiative. I suggest as 
a possible plan for engineers that each year they should be required to 
have earned a stipulated part of their school fees by work during certain 
months in a recognised trade or shop. "These earnings might, under a 
systematised arrangement with the employers, be honoured by the local 
technical school or university. 

Corporate life and social responsibility is a less difficult matter to 
deal with. How it is gradually inculcated at the older universities is 
very well known. In debates, sports, hall, and even “wines” and 
other social functions, undergraduates of all professions are brought 
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into contact with each other. It is this which gives to the thoughtful 
man breadth and culture ; it is this which we must in the newer non- 
residential universities replace and amplify. For the collision of vary- 
ing minds the university union is the natural centre; and next to it 
in importance is the athletic union. In all non-residential colleges, 
then, these institutions should not merely be tolerated, they should be 
provided for and supported. Such importance do I attribute to this, 
that I would give ample time for union functions, and while making it 
compulsory for every student to belong to the unions, I would also 
compel the university authorities to provide proper accommodation 
and facilities both in ground (for sports) and in buildings. 

It must be remembered that my second and third sections are to be 
common to all the students, and therefore the artificial barrier now 
existing between men taking different courses would naturally ‘be 
destroyed, and a healthy interchange of opinions would result. This 
influence can be further strengthened by the provision of suitable 
common rooms for students and staff, and by the hearty encourage- 
ment of social functions. Part of the time which would be available 
from the alteration of the curriculum would be employed in 
furthering social ends, in vivid teaching of political economy, and in 
"systematic and practical instruction in social and economic ques- 
tions," as Sadler puts it. For this purpose it is most desirable that all 
concerned in teaching should be closely in touch with some practical 
work. For as its ultimate exchange-value in terms of other commodi- 
ties must very often be the measure of work done, so is it extremely 
desirable that even a would-be parson should not leave the university 
without some acquaintance with commercial machinery. 

In this section there remains still a most difficult side of social 
education to be dealt with—I mean the moral side. For employers 
it is essential, if business morality is not to fall to the low level of 
some of our Continental neighbours, that their employés shall be 
capable of acting upon sound principles even against strong tempta- 
tion. They must, as Canon Masterman says, “show a constant 
preference for the general good over personal interest." 

Now, in a non-residential college “atmosphere” is almost out of 
the question, yet “tone” and a proper attitude of mind towards life 
in general must somehow be imparted. In this connection it is 
significant that in all the stages of Japanese education “ morals" come 
first. In Western education they are hardly mentioned except in a 
whisper. Baron Kikuchi declares* “that the courage and devotion 
of the Japanese soldiers during the late war was, to a great extent, 
the result of systematic moral instruction and training.” Surely 
among educated men none wil deny that,t “In true educa- 
tion there must be the kindling power of faith in ап ideal,” 
Surely every one will admit that “ Intellectual and moral discipline 
must combine in order to produce an alert and adaptive intelligence, 


* “Moral Instruction in Schools,” vol, 2, p. 344, 
+ Ibid., vol. 1, p. 17. 
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trained to concentrate its attention, to trace cause and effect with 
candour and courage, to weigh evidence and to draw just and accurate 
conclusions,” and that “ will-power, to be rightly used, needs the curb 
of principle." But despite these apparent truisms it seems that “In 
the great majority of day training colleges, including those attached 
to universities, the students have at present no access to voluntary 
classes . . . for the study of ethical principles." I cannot, in the 
time at my disposal, attempt to give even an outline of the various 
methods which have been recommended for the inculcation of right 
thinking and right conduct. But the one conclusion to which I am 
led by a consideration of that great report from which I have just 
quoted, is that the first care must be as regards the choice and training 
of the tcaching staff, through whose influence and example the greatest 
effect will most naturally be produced. Here, then, again is an argu- 
ment for rigid care in the selection of teachers, and for providing 
ample opportunities of intercourse between students and staff. 
Much as I should like to add to these bare suggestions a recognised 
course in ethics, my courage fails me. For ethics without living faith 
is vain, and living faith introduces that religious controversy which the 
example of clementary education bids me to avoid at all costs. 


SECTION III. 


Of those activities which fill up, or should fill up, the leisure part of 
life, I have already mentioned some in Section II. Indeed, it is very 
hard to separate these two divisions ; and if I do so, it is more for the 
sake of convenience than necessity. How, then, can a love for, and an 
interest in, nature, literature, and the fine arts be stimulated in the 
college student? The answer is very much as before, By the influence 
of great teachers acting upon a mass of colliding minds. I can see no 
other way. It is not sufficient to hang upon the college walls costly 
reproductions, nor to give free a little music weekly. But if literary 
and art societies have not only official sanction but official support, if 
in the writing of exercises and reports literary form is considered, 
much may be done, even at a day college. 

I once had an experience in this direction, which seemed to me to 
bear wonderful fruit. At the Central Technical College it is customary 
for third year men to write reports of the experimental work they do. 
Professor Ayrton arranged that I should go through these reports with 
their authors as they were written. Among about 30 such students I 
found scarcely one with any real literary sense ; while, on the other 
hand, grotesque sentences and blunders in spelling were very common. 
Having gone through one report with each man, I found that his faults 
were due for the most part to pure lack of cognisance, so that when 
the second report came to hand the difference was simply marvellous. 
The most curious part was that many of the students came from public 
schools, and some had even taken a degree at Cambridge. Many of 
them had had a good classical training, and would not have dreamed 
of committing in Latin the blunders which appeared in their English. 
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On several occasions I found that a student would automatically 
correct the faults of one of his English sentences if I asked him 
to try to put it into Latin. 

Employers know only too well how often a man comes to them 
incapable of writing even an ordinary business letter. I give the 
above instance as an example, not only of the way in which such 
ignorance may be eliminated, but also as an elementary means of 
encouraging zesthetic taste. 

In the same manner, to an intelligent teacher, opportunities occur 
almost daily of developing similar sensibilities. I do not see whyeven 
the colouring of a scientific diagram should be allowed to be crude, 
and there are many instances where artistic feeling has incidentally 
a very real commercial value. To electrical engineers the familiar 
instances of arc lamps, fittings, and even the shape of motors will 
occur at once. In this section, perhaps more than in any other, the 
effect of breaking down the division between students preparing for 
different professions would be felt. If the engineer, for instance, can 
only be brought to take an interest in the composition of pictures as 
the photographic chemist does, then he is also likely to consider the 
effect of a bridge in a landscape. If the would-be designer of dynamos 
has chatted to a budding architect at tea-time, he is less likely to make 
his next motor look like a hat-box. 

To sum up then, I may give my answer to those questions with 
which I began, in a very short form. 

The best higher education is that which prepares best for those 
three great kinds of activity that I have selected from Spencer's 
five. 

The means for carrying this out are in my opinion these :— 


I. The division of technical colleges and universities into two 
sections, viz., the general and the specialised. 

2. The arrangement of a course suitable for each of the five 
great professions at every “ general" college. 

3. The course for each profession should embrace training in the 
the three sections, which correspond to the three forms of 
activity. 

4. In order to give time for all three sections and to inculcate 
general principles thoroughly, the first section (which now 
occupies all the time) should be taught as broadly as 
possible. 

5. As but few of the colleges can be residential, the second and 
third sections which embrace social and esthetic activities 
must be specially provided for. 

6. This special provision would take the form of (a) a most care- 
fully selected principal and staff; (b) avoidance of un- 
necessary restraint; (c) an arrangement by which the 
student should know that he was dependent upon his own 
efforts to remain at college; (d) proper opportunities for 
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social intercourse, not only between student and student, but 
also between staff and student ; (е) definite official encourage- 
ment of university unions, literary and debating societies, 
and aesthetic and athletic clubs. 


I believe that even a day college organised on these lines would 
produce the man who is needed by the world and valued by employers. 
For the employer is crying out for men of bigger character and 
broader mind, and the parent is wondering why his son is an engineer 
but not a man. It seems to me that for the provision of such general 
training there is nothing indeed lacking but the will to organise, for 
the buildings and equipment exist and the money is at hand. 

We have, in fact, followed too far into a deep and narrow valley 
the “will o' the wisp” of industrial science “subjects”; the descent 
was easy ; to retrace our footsteps is impossible, but to climb again 
.to the upper air where we may once more breathe with freedom “hic 
labor hoc opus est." | 
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INAUGURAL ADDRESS OF THE CHAIRMAN. 
HEATING AND COOKING BY ELECTRICITY. 
S. L. В. PRICE, Associate Member. 


ABSTRACT. 


(Address delivered November 0, 1911.) 


Heating and cooking as a subject probably appeals to only a com- 
paratively few people, except in a general sort of way. Anything of a 
revolutionary nature relating to the heating of our dwelling-rooms, or 
the preparation of our daily repasts, is at once looked upon with decided 
aversion, the housewife being the first, as a rule, to condemn any innova- 
tion as expensive, inefficient, and useless, usually on the sole ground 
that it is not in keeping with what she was taught by those responsible 
for her domestic education. 

One finds it difficult to dissociate from one's mind the necessity of 
a blazing coal fire for the proper heating of a room, or the ordinary 
coal-fired kitchen range for the efficient roasting of a joint or for the 
proper Carrying out of any other culinary operation. These are the 
methods which have been adopted from time immemorial, a feeling as 
to the correctness of them is inherent in our nature, and we find it 
difficult to break away from what has been so intimately associated 
with our daily lives from earliest childhood. 

This may all seem somewhat wide of the subject, but my object is 
to emphasise the extremely disadvantageous position in which the 
electrical engineer who seriously wishes to push electricity for heating 
and cooking purposes finds himself placed. He has not only to contend 
against conservatism, but also strong sentiment, and this latter adver- 
sary alone would stand adamant against facts and figures of the most 
convincing description. Certain it is that in these more enlightened 
days the canvasser who tries to persuade a customer to invest in an 
electric radiator or oven need have no fear as to the possibility of being 
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hurried off to the stake as might have been the case a hundred or so 
years back, still he will have many severe trials to contend with. After 
he has fluently and at some length described the apparatus with all its 
advantages, the lady of the house will remark, “ How wonderful! I 
always thought that electricity had no heat in it. Of course, it is very 
expensive, and іп any case I should be afraid to let the maids usce it." 
No one but the canvasser trying to sell electrical heating and cooking 
apparatus realises the formidable nature of the two great barriers set up 
by the lasttwo remarks. The first of these can only be gradually made to 
disappear by the customers’ enlightenment as to the proper application 
of electricity in these particular cases and its economic uses, but the 
solution of the second difficulty really rests to a large extent in the 
hands of the manufacturers. It is a great pity that municipalities pos- 
sessing electric supply undertakings do not deal with the difficulty in a 
more enterprising way by opening up showrooms and enquiry offices 
in good central positions with a view to assisting the public in edu- 
cating itself as to the various uses to which electricity may be put. It 
is true that there is a growing tendency now to assist the intending 
customer in this way, but the movement is very half-hearted. The 
showroom should be equipped with all the most modern electrical 
appliances, so that the attendant may be always in a position to demon- 
strate to any one desiring to know the very best that electricity can do 
in a domestic way. Naturally enough, people refrain somewhat from 
seeking information in the ordinary shops, as they feel that if they go 
in they are expected to buy something before coming out. Asa result, 
many remain in ignorance who would be only too glad to avail them- 
selves of the benefits of electricity if only they had some easy means 
open to them of finding out exactly what would suit their requirements 
without being forced into doing anything in the way of purchasing. 
Another great advantage of this showroom system is that the details of 
any particular requirement can be carefully investigated and expert 
advice given, so as to enable an intending purchaser to go into an 
electrical supply stores with a clear knowledge as to his requirements, 
or refrain from investment altogether. This latter alternative would, 
in many cases, be more satisfactory to the electricity supply manager 
who often finds himself in the uncomfortable position of having to 
furnish quarterly accounts for current consumed which he feels sure 
there will be trouble over, purely due to the customer having pur- 
chased what was wholly unsuitable, extravagant in the consumption of 
electricity, and probably only possessing a hazy knowledge as to its 
most efficient method of application. To the contractor who, once he 
has sold his goods, has done with the whole business, this does not 
so much appeal, but to the people who have to supply the electrical 
energy, and have, so to speak, to live with the purchaser afterwards, 
the importance of this is borne home in its fullest force. 

Having thus briefly considered the general and commercial aspects 
of electric heating, we will now pass on to the more technical side 
of the question. 
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As a heating agent electricity has in general two distinct applica- 
tions, namely, for the heating of dwelling-rooms, halls, etc., and for 
cooking purposes. 


HEATING OF ROOMS, ETC. 


Every once is, of course, familiar with the two distinct ways in which 
this may be effected, namely, by radiation or convection. 

In the case of radiation, the heat, as you are all doubtless aware, is 
transmitted by means of the surrounding objects. It does not there- 
fore directly heat the atmosphere, but merely affects actual objects 
standing in the direct path of the rays emitted from the source 
of heat. 

All the surrounding objects, though continually absorbing heat, are 
at the same time acting as heaters of the atmosphere by contact which 
sets up convection currents which circulate throughout the space to be 
dealt with. It will therefore be observed that although the heat is 
given off by radiation it does most of the work required of it by 
convection. Of course, in the case of individuals moving about or 
sitting in front of a source of radiant heat, warmth is acquired directly 
by radiation ; this, however, is neither the most efficient nor after all 
the pleasantest method of acquiring warmth. You have all at one time 
or another experienced the seductiveness of standing with your back to 
the fire on a cold day, and the corresponding discomfort on moving 
away from it, which, of course, is due to the heat acquired by close 
contact with the rays being rapidly extracted by the cold air into which 
you have moved. It would therefore seem only sensible to suppose 
that the best and most efficient method of heating would be one by 
means of which the air in the space to be heated is dealt with directly 
so that persons moving about within the area experience no unpleasant 
effects due to differences of temperature. Of course, this is arrived at 
eventually by radiation, but the process is an indirect one, and while 
the operation is in progress one has to heat oneself by getting into 
close range with the direct rays and put up with the discomfort of 
feeling chilly on moving away. The ordinary coal fire acts as an 
excellent means of promoting circulation in the lower portion of a 
room, for, due to the strong rush of hot air up the chimney, propor- 
tionally strong cross-draughts are created along the floor of the room, 
emanating from under doors, etc. and all converging towards the 
fireplace. This accounts for the draught at one's back so commonly 
experienced while sitting before a good big fire on a cold day. 

The colder the weather outside, and the larger the fire, the greater 
the tendency to cross-draughts, unless the passages into which the 
doors open are well heated, though this of course does not dispose 
of window draughts due to the same action. It has been suggested 
that the best method of heating the dwelling-rooms of a house would 
be to have large heaters in the entrance-hall and passages and quite 
small fires in the dwelling-rooms, if any at all. The flue action caused 
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by the chimneys leading from the fireplaces in the various apartments 
would tend to draw in the hot air from the passages and halls, where 
it would mingle with the colder air in the rooms, producing a re- 
sultantly comfortable .effect. 

Theoretically, what is required is a tempered atmosphere with no 
heavy currents or draughts. If this is to be effected efficiently and 
quickly the air should be heated directly by convection, and the surface 
contact of the heater should be a maximum. Hot-water pipes ranged 
round the skirting-board of a room work admirably, or in the case 
of halls and passages hot-water radiators placed at intervals have been 
found to be efficacious, though in the latter case there is a tendency 
to produce flue action at the radiators, causing the heat to ascend more 
or less rapidly to the cciling. The aim should always be so to design 
and arrange a heating system that the air brought into contact with the 
heater or heaters is a maximum, and the tendehcy to flue action a 
minimum. That is to say, heavy uprushes of hot air must be avoided, 
and gentle lateral currents of warm air promoted. The milder the 
heated air given off, the less the tendency to rise and the greater the 
tendency for it to be dispersed throughout the lower strata by means 
of the ever present cross-draughts. Although a steam or hot-water 
heating system enables one to approach very near to this ideal state 
of affairs, it is very costly to install, extremely sluggish in action due to 
the high specific heat of water, and offers no flexibility in the matter 
of arrangement. Once installed the arrangement must remain. On 
trial it may not be found to deal exactly with the problem as was 
expected, but alterations cannot be made without in most cases 
incurring considerable further outlay. 

If electrically heated tubes or radiators be employed the difficulty is 
at once got over. Should one arrangement be found ineffective, then 
another can at once be tried without further expense or trouble, and so 
a proper disposition of the heaters arrived at, producing the desired 
effect. 

The absence of the water makes the apparatus very sensitive in 
action, so that almost immediately it is switched on it commences to do 
effective work. 

'The fact I would particularly like to make clear is the hopelessness 
of adhering to the old method of trying to make one heater do the 
work of heating a room or passage of moderate dimensions. It may be 
calculated (and correctly) that a r,ooo-watt heater is necessary to do 
the work of heating a certain room, but it must not be supposed that 
the work can be efficiently or rapidly carried out if the whole of the 
energy is to be expended at one point. It should be split into as many 
small units as possible. If radiant heat be desired, four 250-watt 
radiators distributed about the room would prove very much more 
effective than one of 1,000-watt capacity, or if convectors be adopted, 
the heating units might be made even more numerous and proportion- 
ately lower in consumption. If this were done the working cost would 
be considerably economised, and electric heating brought into keener 
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competition with the other methods more generally in use, even at the 
present prices of current. While at the Glasgow Electrical Exhibition 
last autumn the writer had an opportunity of studying the advantages 
of a system such as that just mentioned, namely, judicious distribution 
of small units instead of one large one. 

The heaters were quite simple in construction, consisting merely of 
a single radiator lamp with a concave bright metal reflector, a butterfly 
clip being attached at the back for the purpose of clipping on to theleg 
of a table, or any other convenient place. The reflector could be 
twisted round to any angle so as to throw the heat rays in any desired 
direction. It seemed to me that with a matter of three or four of these 
placed in suitable positions in an ordinary sitting-room a maximum 
effect could be derived in a minimum time. 

Such an arrangement should prove admirable in the case of 
reception-rooms intermittently used. | 

It has often been stated that a 4-lamp radiator will not heat up a 
room of the most moderate dimensions to a comfortable temperature in 
less than two or three hours. In some cases this may be quite true, 
but I am inclined to think it more often merely goes to show that the 
problem is not being properly tackled, and not that electric heating is 
a failure. It is not at all an uncommon thing for a consumer, who 
proposes to put electric heating to the test, to use as a gauge of its 
efficiency a thermometer, which is brought into requisition and hung 
in the centre of the room, while others who pride themselves on the 
possession of a more technical knowledge of the subject, choose 
the mantelpiece as the proper position for the thermometer, the radiator 
being placed in the fireplace. Now these, of course, are the most 
absurd conditions, but are unfortunately often made use of as an easy 
means of condemning electricity for heating. 

In the first place, the fireplace is not necessarily the proper position 
{ог а radiator. It may, of course, be under certain conditions, but not 
necessarily. Then, being radiant heat the objects within its range 
absorb all the heat given off, and the air only derives its heat indirectly 
by contact with these objects. The thermometer on the mantelpiece 
therefore, or hanging in the centre of the room, depending on whether 
or no it happens to be in a draught, may never rise a single degree in 
an hour, while at the same time people sitting within the range of the 
heater may be deriving considerable warmth and comfort. In investi- 
gating the heating requirements of a room at least three or four 
thermometers should be employed and simultaneous readings taken 
with a view to locating draughts and hot-air currents. 

The 4-lamp radiator giving off 3,400-heat units cannot, of course, 
hope to compete in generosity with the average coal fire, which sends 
out into the room anything in the region of 10,000 heat units, this being 
only a small proportion of those which go to keep the jackdaw's feet 
warm ; but what can be said for the radiator is that every single heat 
unit emitted can be used efficiently and with an even unvarying result. 

The following results were obtained from tests with a 4-lamp 
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radiator consuming 1,000 watts, in a room of moderate size, with one 
window measuring 5 ft. х 5 ft. and one door, both shut :— 


“Е 
с 


Temperature at 7.45 p.m. ... ee 55% ws 5470 
y 8o , .. Ў: i e) 516 
x: S. I5. 5) wu e уж .. 530 
5 8.30 ,, E bis ze 520 
(Radiator switched on.) 
5 90 , ase aa Қ de GE 
T 0:30: p» se a 5% .. 560 
j 9.45 5» wee 55% a e 504 
4, о „p .. -— yes sie 550 
" 1015, .. 4% - e. 574 


» IO.30 ,, .. V з ы 576 


Current cost at 1d. per unit = 2d. 

Temperature in passage outside room at end of test = 52° F. 
Temperature outside windows at end of test = 45° F. 

The radiator stood on hearthrug throughout test. 


Who has not experienced the comfort of sitting down before a 
roaring fire to the pleasure of a book and the extreme discomfort 
of being roused to the chilly fact an hour or so afterwards that the 
fire has died out? Not so with the radiator, which having once been 
placed in a suitable position not only leaves one free of care in the 
matter of stoking, but gives an unvarying result, not obtainable with 
the same degree of nicety by any other means. Take the case of a 
man who has occasion to make use of his study for a couple of hours 
each evening, and that for half the year artificial heat is required, a 
500-watt radiator placed beside him exactly meets his requirements, 
the cost at rd. per unit (a very common charge for heating current per 
unit) working out at only 30s. 5d. 

I estimate that to do the same work with coal 6 165. per hour would 
be required, which at 24s. per ton would work out at 23s. 5d. When 
the trouble of lighting and cleaning up every day has been taken into 
consideration I think the radiator would be well worth the extra 7s. per 
annum. 

I next give the result of a test made on 9 lbs. of best house coal 
at 245. per ton :— 


oF, 
Fire lighted at 7.40 a.m., temperature in room  ... 452 
At 8.0 " T sa 470 
» 8.10 2 ... 490 
» 8.15 БА si ... 5070 
» 8.20 = 5 ... 504 
» 8.25 » » e. 508 


„ 8.30 A i e. 510 
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oF, 
At 8.35 a.m. temperature in room s SI 
» 8.40 55 - .. 516 
» 8.45 Е " | .. Sr 
5 8.50 T J e. 5270 
T 8.55 s Ps seni 524 
" 9.0 е Е es) 525 
5 9.10 Ж " ss 526 
" 9.20 : 5 .. 528 


Outside temperature at start = 37° F. 
Outside temperature at finish = 41:5? Е. 
Fuel cost (including о'та. for wood) = 1°25d. or 13d. 


In comparing the results in the two cases above mentioned it must 
be borne in mind that the outside temperature fell 5° in the first case, 
whereas it rose 44° in the second. The rooms in both cases had two 
outside walls and two inside walls with approximately the same window 
areas. 

I may say that during the past couple of years I have used a 500-watt 
radiator for this particular purpose, and have quite satisfied myself that 
nothing else would so exactly meet the particular case. 

Manufacturers have not yet realised the flexibility of electric heating, 
that is to say, how readily it can be varied in its application to meet 
varying conditions. From an artistic standpoint they have certainly 
been busy, for the variety of designs offered to the public is innumer- 
able, but when one comes to look at the question from a heating 
engineer's standpoint advancement seems slow. Either a cluster of 
lamps, or a group of coils in an artistically designed case, is all we 
have to offer the public. Neither arrangement lends itself to the 
proper distribution of heat, and both are only applicable in a very 
limited number of cases. 


ELECTRIC COOKING. 


Electric cooking has made great strides during recent years, but 
there is still a good deal to be accomplished before it can be said to 
have surpassed all other methods of cooking for general domestic work, 
both from a practical and a financial standpoint. Perhaps the greatest 
stumbling-block to this complex problem is the hot-water question. 
How is the house to be supplied with hot water if the kitchen range 
is done away with? The answer to this is that any attempt at an elec- 
trical solution should be put aside for the present, as it only acts as a 
hindrance in the solving of the problem of electric cooking proper ; 
not only that, but the question should be effectively disposed of by 
some efficient means other than electric, and at the same time, other 
than the present arrangement, which is in many ways just as bad as the 
electric method. 


1911. } OF DUBLIN LOCAL SECTION. 21 


The figures given in the following table give some approximation 
of the hot-water requirements in dwelling-houses :— 


| Temperature of Water. 


1009 Е, 125° Е. 150° Е. 
Gallons. Gallons, Gallons. 
Forabath  .. viis sit 50 333 250 
For each tap for washing pup: | : е 
poses in flats ss | 5 33 25 
For each tap for washing pur- қ ; 
poses in hotels iss T | = 132 tem 
For a lavatory basin ... x 5 33 2'5 
For a shower bath  ... ses 9 бо 45 


It will be observed that the average hot-water demand рег day 
in a medium suburban villa represents about 44,000 thermal units, 
that 15 to say, about rro gallons at roo? F, 

If electrical boiling apparatus with an efficiency of even go per 
cent. be employed the cost for current at 1d. per unit would amount 
to Is. 2°37d. per day. 

It is, of course, possible that some thermal storage system may 
eventually solve the problem electrically, electrical energy being 
supplied at a contract price per annum, but look at it what way 
one may, one cannot shut one’s eyes to works costs and cut prices 
indefinitely, even if customers are kind enough to flatten out the 
characteristic of their demand. The consumption of hot water 
already given would require that the rate of charge should not be 
more than ld. per unit for heating purposes in order to compete 
favourably with other methods. 

ОҒ 221 municipal electric supply undertakings given: in the 
Electrical Times tables of costs there is not one that has a total works 
costs as low as 1d. per unit, and only опе that approaches it (the total 
costs being o'33d.) On the other hand, 133, or over 5o per cent., 
are over Id. per unit. Supposing that any of these undertakings 
decided to supply for heating purposes at }d. per unit on the 
" dumping" principle, and that as a result electric heating became 
really popular in the particular districts, they would find themselves 
in the awkward predicament of selling the greater percentage of their 
output at considerably below works costs, and also of having to face 
large additional capital charges for extension of mains. 

The coal-fired kitchen range has three functions to perform, namely, 
to heat side ovens, to do cooking work on the top of the range, and 
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to heat water at the back for the hot-water system. These functions 
cannot all be performed simultaneously with any degree of efficiency. 
As soon as the fire is lighted in the early morning breakfast has to be 
cooked, for which operation the oven dampers are drawn for the 
purpose of obtaining top heat for boiling or frying, and oven heat for 
warming plates, etc., with the result that the back or boiler heat is 
negligible and it is impossible to get more than one decent hot bath 
at most. 

Hot-water systems should be dealt with quite separately. Enclosed 
coke-fired boilers are extremely efficient, and there are a number of 
good designs on the market. The initial cost of installation is quite 
moderate and the working cost low. A heating capacity of, say, 50 
gallons per hour at roo? Е. would be quite large enough to deal with 
the ordinary suburban ro-room villa and would cost about 2d. per day 
to run. 

Having effectively disposed of the hot-water question, one is left 
free to deal with the cooking problem in the cheapest and most 
efficient manner. 

Instead of having a kitchen fire burning from about 6.30 a.m. to 
9.30 p.m. and consuming about 6 Ibs. of coal per hour to deal with 
three meals at a cost of about 9d. per day, the various operations of 
roasting, boiling, washing, etc., would be performed individually as 
required by electric means, each unit being switched on or off as 
required. With electricity at 1d. per unit it has been proved over and 
over again by actual trial that an ordinary three-course dinner for half a 
dozen people should not cost more than 3d. to cook, breakfast 144., 
lunch and afternoon tea r4d., making a total of 8d. per day, including 
2d. for a supply of 110 gallons of water at about 100? F., which should 
suffice for a couple of baths at least, and general washing-up work. 

The following comparative tests between a coal and an clectric 
oven were witnessed by me and can be vouched for :— 


9 lbs. Roast Beef :— 


Coal oven took 2 hours, 20 minutes. 
Electric oven, 1 hour, 40 5, 


2 lbs. Sultana Cake :— 


Coal oven took 1 hour, 30 minutes. 
Electric oven, 1 , 10 " 


4 lbs. Fruit Cake :— 


Coal oven took 2 hours, 30 minutes. 
Electric oven, І hour, бо T 


Until recently electric ovens have been too flimsily constructed to 
be of real commercial value. What is wanted is something that will 
stand the rough usage of the ordinary domestic servant. 
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The lagging will require to be improved, and the “Thermos” 
principle might with advantage be employed. Those that rely 
entirely on a polished surface to keep in the heat may be more or 
less sound in theory but are not so satisfactory in practice. If 
they could be kept clear of draughts they would be all right, but as 
in everyday practice this is impossible, a good deal of heat must be 
lost. I am inclined to think that a polished surface combined with 
lagging would give good results. 

As to the pots and pans, etc., self-contained utensils will never do. 
It stands to reason that things of this sort which are constantly being 
scrubbed and rinsed under the tap would never last any length of time 
if they were self-contained. The hot plate must be the solution, but 
not altogether the arrangement at present on the market. It must be 
capable of taking ordinary utensils, such as may be bought at any 
hardware shop, and not specially made with planed bottoms, and yet 
it must have as high an efficiency as self-contained utensils. 

In the case of an oven with air lagging a very interesting feature 
was observed about the heating curve, namely, that after the current 
had been on for 5 minutes the rate at which the heat built up in the 
oven fell off for a matter of a further 5 minutes, after which time it 
continued its characteristic. The same thing happened during the 
cooling down. It has occurred to me that this effect may have been 
due to the nature of the lagging. The curve obtained from an oven 
with silicate lagging and internal side flues shows slower heating up. 
The cooling down, too, is somewhat slower. In the case of an oven 
relying entirely on a polished surface for lagging and fitted with top 
and bottom heaters the heating up was very rapid, but the cooling 
down proportionately so. 

A test on a polished saucepan showed the efficiency to be 8o'9 per 
cent., and in a similar test on a stoneware electric jug the efficiency 
Was 79°6 per cent. The latter is specially interesting, as although quite 
‘up to the average in the matter of efficiency it is also very cheap. 
This is certainly a move in the right direction. 

A special type of oven is that in which the heating clement is 
placed in the centre of the oven, an arrangement which is claimed to 
give a more even distribution of heat than when the heating element 
is placed at the bottom or sides. The automatic baster is also an 
ingenious device, obviating the necessity for constantly opening the 
oven, which invariably results in loss of heat with its consequent 
Culinary troubles. 

Before concluding these remarks it may be interesting just to 
glance at a few gas figures so that we may sec what electric cooking 
has to compete against. 

А test was made with a 1 pint bright tin-plate saucepan over а 
small gas ring, the result showing that 1 pint of water took 0:55 of a 
cubic foot. 

Taking the value of the gas in British thermal units as Soo per 
cubic foot, the efficiency works out at only 69 per cent., whereas most 
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electric appliances for boiling give an efficiency of 80 per cent. at least, 
and many are considerably higher. 

Taking gas at 3s. the actual cost of boiling one pint of water was 
o'orod.—say o'o2d. 

Taking an electric kettle with an efficiency of 85 per cent. the cost 
of boiling 1 pint of water at та. per unit works out at ооба. Ассога- 
ing therefore to test figures gas works out three times cheaper than 
electricity (a somewhat alarming figure at the first glance), but when 
wastage has been taken into account and the fact that ideal results are 
seldom obtainable with the ordinary gas range in everyday work, the 
results are not so alarming. Unless the admixture of air and gas 
is exactly right the efficiency will fall enormously—in fact, when every- 
day conditions are taken into account the difference in cost between 
gas and electric cooking will be found to be very slight, and when 
to electric cooking has been added the additional advantages of 
convenience, cleanliness, and general adaptability from an cconomic 
standpoint there can be no doubt as to its advantages over gas. 
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SCOTTISH LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


FRANK А. NEWINGTON, Member. 


(Address delivered November 14, 1911.) 


I have to thank you for the honour you have done me in electing 
me your Chairman for the present session, more particularly as this is 
the first session since the Glasgow Local Section has been enlarged 
into the Scottish Section. For myself, and, I think, all the members 
of the Institution resident in Scotland who were not attached to the 
Glasgow Section, I very gladly take this opportunity of thanking the 
Glasgow Local Section for the broad-minded and unselfish spirit which 
led up to the widening of the boundaries of the Section; and I 
sincerely hope that this widening will be the means of largely increas- ~- 
ing the membership and usefulness of the Institution. | 

I am sorry I am not able to speak from personal use about the 
more recent developments in electrical generating machinery for 
public supply, as these have been almost entirely for multi-phase 
work, whereas in Edinburgh up to the present, and probably for 
some years to come yet, the direct-current system will be sufficient 
to meet all the requirements for energy. 

The dircct-current system of generation for limited areas has 
advantages of simplicity and economy, but on account of commutation 
troubles with large units at high speeds, it seems evident that all 
development on a large scale, in the immediate future at any rate, 
will be carried out by means of high-voltage alternating-current 
plant. At present the largest practicable unit of direct-current 
generator for high speed seems to be about 1,200 to 1,500 k.w., 
and even with this output, which is small compared with that obtain- 
able from alternators, the commutators require very careful attention. 

Perhaps a short description of some plant which was installed at 
one of the Edinburgh generating stations a few years ago may be of 
interest. This consists of two exhaust steam turbines, each driving 
a continuous-current dynamo of 1,200 Ем. Each turbine and 
generator at full load uses 45,600 Ibs. of steam per hour at atmospheric 
pressure at the inlet with 27} in. vacuum. That is, the steam used 
previously by 1,560 k.w. of the reciprocating plant exhausting to 
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atmosphere now gives an additional 1,200 k.w. by means of these 
turbo-generators and condensation, so that for the same.quantity of 
steam used the output has been increased by 77 per cent. 

These two sets arc enough to deal with all the steam used by the 
reciprocating engines during eight months of the year, but during the 
four winter months part of the steam from the reciprocating sets at 
the time of maximum load goes direct to the condensers, so that we 
are not using all the steam to the best advantage. The comparison of 
twelve months’ figures before and after this plant was put down shows 
the following savings :— 


Coal ias T 4 .. 22 per cent. 
Water s yes - 
Oil, stores, etc. ... us Em | 54 ” 


The water for condensation is taken from one of the City main 
sewers which is about 180 yards from the generating station. There 
have been difficulties in designing efficient straining apparatus, but the 
scheme has proved an entire success. 

In generating stations where the reciprocating plant is fairly new, 
the addition of exhaust steam turbines seems a very suitable way of 
much improving the economy of the existing plant as well as increas- 
ing the output. 

On account of the introduction of the metal filament lamp the last 
three or four years have been an anxious time for both supply under- 
takings and machinery manufacturers, as on account of its great 
efficiency outputs have been decreasing ог at the best remaining 
stationary, and consequently extensions of plant have not been 
required. Those undertakings that chiefly supply electricity for light, 
especially with alternating current, have had a great difficulty to make 
ends meet, but in only a few cases has it been found necessary to 
increase the price. In the majority of places, however, the corner 
seems to have been turned, and it may now be expected that the 
greatly increased efficiency of the metal filament lamp will lead to a 
considerable increase of users. This lamp has been very considerably 
improved in durability, but the filaments of most makes are still very 
fragile, and the lamps require handling with care. Without taking 
any account of the advantages of cleanliness, pure atmosphere, and 
convenience, the metal filament lamp is now quite able to compete 
with the incandescent gas mantle with electricity at 23d. per unit and 
gas at about 3s. per 1,000 cub. ft., but at present in most of the 
electricity supply undertakings the rate for electricity for lighting is 
above this figure. 

From the number of firms who are now making metal filament 
lamps it seems that it must be a profitable business. Competition, 
however, will probably tend to reduce prices considerably, and then 
the supply undertakings will begin to reap the benefit by a considerable 
increase in lamp connections. The present price of 3s. for a metal 
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filament lamp frightens the small user when he can get a gas mantle 
for 5d. 

Makers of metal filament lamps have for a long time been trying to 
produce lamps of about 16 c.p. for voltages of from 200 to 250, and 
lamps of this size can now be obtained. But are these small candle- 
power lamps really wanted? The standard of illumination has very 
much increased, and one 16-c.p. lamp is now not sufficient for lighting 
even a small room. The keen competitor to the metal filament lamp is 
the incandescent gas lamp of about бо c.p., when the mantle is new, 
and I cannot help thinking that the makers of metal filament lamps 
would be serving their own interests and those of the supply under- 
takings better by devoting themselves to improving the higher candle- 
power lamps—that is, from 30 c.p. upwards—and in reducing the price 
as much as possible. The fewer sizes of lamps made, the greater 
number of each size will be required, and therefore they can be made 
more cheaply. 

The majority of towns in this country are not large manufacturing 
centres, and therefore the electricity supply undertaking must princi- | 
pally rely on lighting as a means of revenue. The small power user is, 
asa rule, an extremely short-hour consumer, probably averaging only 
Ij to 24 hours’ use per day, and so not any better than the average 
user for light. Таке the printing trade, for instance, which is a 
large industry in Edinburgh, chiefly consisting of works averaging 
about 20 Н.Р. We ./find that their average use is only 34 hours per day 
of their maximum demand, and unfortunately their busiest season is in 
December, that is, just at the time of maximum load for lighting. It 
is very doubtful whether this class of power user is a profitable one 
with clectricity at about 1d. per unit, and.in a large number of towns, 
not chiefly manufacturing, it would probably be advantageous to 
the supply authorities to reduce the rates for lighting rather than to 
supply for power at very low rates. It may be said that the maximum 
demand system should get over this difficulty, but apparently it does 
not. It 15 unpopular with the users and is being discontinued in a 
number of places. 

In order, however, to give the long-hour power user a preference 
we have in Edinburgh this year adopted this system in a modified way, 
so that all consumers who use their motors for more than 34 hours per 
day will be entitled to reduced rates ranging from 14d. per unit for 
à 34-hour user to— 


o'd. per unit for an 8-hour user. 


As only a comparatively small number of consumers will benefit by 
this scale it will not be difficult to explain to them how the rate is 
arrived аё, 

In large manufacturing towns sucli as Glasgow and Manchester the 
Conditions are quite different, and in such places power in large 
quantities can be supplied profitably at low rates. There has been 
a good deal said lately about encouraging industries by means 
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of a low rate for electricity for power, but 1d. or even 44. per unit will 
not make very much difference to the total expenses of small works; 
rates and taxes, building laws, price of land, and rates of labour will 
far outweigh cheap power. | 

To fix suitable rates of charge for all classes of users is an ex- 
ceedingly difficult problem. The ideal system is that every user 
should pay what the supply to him has actually cost, plus a small profit, 
but it would be very difficult to arrive at this exact cost, and in many 
cases quite impossible to convince the consumer that the rate was 
correct. The maximum demand system has one very weak point, that 
is, it does not indicate the time at which the maximum load is used, so 
that a power user might be using the greatest quantity during daylight 
hours when the supply authority had plenty of plant available, and yet 
the rate would be based on the record of the demand indicator. An 
instrument which would indicate the time at which the maximum was 
used would probably be prohibitive on account of expense. 

A number of systems of charging have been introduced during thc 
last few years with the object of benefiting the long-hour consumer. 
Some of these are based on the assessment or rental of the house, as 
at Norwich ; others use a modification of the maximum demand. But 
most of these seem to be a somewhat roundabout way of arriving at 
the consumption, and probably will result in dissatisfaction to a large 
number of consumers. 

In Glasgow Mr. Lackie has recently devised a scale of charges for 
electricity for heating and cooking for domestic consumers, which 
seems promising and is exceedingly simple. From previous records 
he is able to tell the average consumption for lighting of the various 
classes of consumers. This number of units is charged for at the 
lighting rate, and all beyond this at 1d. per unit. The extreme 
simplicity of this system is a very great advantage, especially as it does 
not require separate wiring for the heating circuits. It will be of great 
interest to know the result of this method of charging, and it is to be 
hoped that later on Mr. Lackie will be able to make this known to the 
Institution. 

It must be admitted that heating and cooking by electricity are not 
making very rapid progress. Probably this is due partly to the high 
price of the apparatus and partly to the price of clectricity. Even at 
Id. a unit it is questionable whether ап clectric cooker can compete 
with a gas cooker. The makers of electric cookers, however, claim 
that owing to the ease of regulating the heat and the considerably less 
waste of the meat cooked, electricity at 1d. per unit is cheaper than 
gas. Electric cooking appliances have been considerably improved 
during the last few years, but there seems room for still further im- 
provement. Probably the principal obstacle to their more general usc 
is the high price. Small householders, at any rate, will not pay from 
£10 to £15 for an electric oven when they can hire a gas oven for 75. 
a year. The hiring of cooking and heating appliances by electricity 
supply undertakings has mct with a large amount of opposition from 
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electric wiring contractors, but this seems to be a short-sighted policy. 
Most of the gas undertakings hire out gas stoves and ovens, and 
undoubtedly without this the consumption of gas would have been 
very largely reduced. The electricity undertakings should be able to 
compete with the gas undertakings on equal terms. Probably it 
would not be profitable for wiring contractors to hire these appliances, 
as this requires a fair amount of capital, and only a small return can 
be expected. The manufacturers also do not seem inclined to do this. 
The position therefore is as follows: The consumer will not buy, but 
is prepared to hire. The supply authority cannot hire unless it has 
obtained special power to do so; the wiring contractors will not hire 
and do not want any one else to do so. Under these conditions it is 
not surprising that the use of electricity for heating and cooking is not 
making much headway. Personally I think it is better for the supply 
undertaking not to hire out these appliances if some one else will 
do so. 

In fixing the rate of electricity for cooking, the following point must 
not be lost sight of. Except in very small houses, the greatest quantity 
of cooking is required for the evening meal between 6 and 7 p.m., so 
that the stoves will be in use at full heat between 4.30 and 5 p.m., that 
is, at the time of maximum demand for light in the winter months. 

Our President in his most able and interesting address last session * 
dealt with the enormous waste of coal, practically our only raw material 
and our most valuable possession, which is going on at the present 
time. He showed how by generating electricity at the coalfields and 
distributing all over the country a saving of about go million tons of 
coal a year would be effected, that is, the coal used would be reduced 
from 150 million tons to 60 million tons a year. I am sure we all hope 
that his prophetic ideas may some day be realised, but as there is not 
far short of £100,000,000 sunk in electrical generating plant in this 
country it will probably be a long time before the owners of this plant 
will be able to scrap it. Meanwhile we are exporting annually about 
9o million tons of coal, largely to enable foreign manufacturers to 
compete with us. Whether this free export of coal is wise or not is a 
very complicated question, but to me it seems rather suicidal. 

Sir William Ramsay, in his presidential address to the British 
Association this year, also dealt with the coal supplies of this country, 
and stated that if the rate of coal-getting in the future increases as it has 
in the past, our coal will be completely exhausted in 175 years, This is, 
I believe, a very much shorter period than had previously been allowed. 
One hundred and seventy-five years seems a long time to any individual, 
but really is quite short in the life of a country. As coal is the only 
known natural source of energy in this country at present, any means 
of reducing waste is of the greatest importance. 

From what information I have been able to obtain, most of the 
manufacturers of heavy electrical plant at the present moment seem to 
be extremely busy and working overtime, but on examining the share 

* Fournal of the Institution of Electrical Engineers, vol. 46, p. 6, 1911. 
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quotations as published in the electrical papers one cannot help won- 
dering whether the work is remunerative, as, with the exception of the 
cable companies, all of whom seem to be in a flourishing condition, the 
majority of the ordinary shareholders have not been receiving any 
dividends for some years. This state of things will not encourage the 
public to invest their money in electrical manufacturing concerns and 
cannot be good for the industry. What is the cause? Apparently it 
is not due to foreign competition, as the value of electrical plant 
imported from abroad during last year was not very great—about 
£600,000 as against £12,000,000 to £13,000,000 manufactured in this 
country. It secms that the cause is the extremely low prices quoted 
by the home manufacturers. I think I am quite on the safe side in 
saying that large electrical plant can now be bought for one-fourth or 
less of what it cost ten to fifteen years ago. It has been said that this 
extreme cutting of prices has been caused by local authorities adver- 
tising for tenders and generally accepting the lowest; but, provided 
that the lowest offer is satisfactory and from a reliable firm, what else 
could be done? The local authority can but suppose that the price 
quoted allows for a sufficient profit. The real reason appears to be 
that the capacity of the existing works for turning out plant is far 
greater than the demand, and the only remedy secins to be a large 
increase in our trade abroad. А general understanding amongst 
manufacturers to increase prices probably would not be of any use, as 
this would at once result in competition from abroad becoming much 
greater. Apparently the reason of the small quantity of electrical 
machinery imported into this country at the present time is the low 
scale of prices quoted by the home manufacturers, which is lower than 
foreign makers can compete against. 

As a user and not a manufacturer of plant, I should like to say a 
word or two about prompt delivery by the date specified. Public 
supply undertakings must have sufficient plant to meet their maximum 
winter load, but on account of the capital charges, interest, and sinking 
fund, it is not advisable to install the plant many months before it is 
actually required ; so if it is erected and running by the middle of the 
autumn this is soon enough for the winter load ; but if the manufac- 
turer is thrce or four months behind the specified time the consequences 
to the supply authority may be very serious, and any penalty for late 
delivery that may be exacted may be quite insufficient to make good 
the damages that may be incurred ; for it must be remembered that a 
supply authority must maintain a sufficient supply of electricity, and 
any failure to do so may result in a heavy penalty for every day during 
which the supply is deficient. I think, therefore, that many local 
authorities would be prepared to pay a higher price provided that the 
work was completed by the specified time. A bonus for delivery before 
the specified time does not get over the difficulty, as the plant is not 
wanted before this date, and the buyer would then have to pay interest 
on capital before the plant became revenuc-earning, as well as the 
bonus. Other things being equal, a manufacturer who could be 
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depended on for punctual delivery would certainly have preference 
over others who had got a reputation for unpunctuality. 

The subject which is probably of the greatest interest at the present 
time to engineers and also the general public is the labour question. It 
is a difficult subject to deal with in an address of this kind, as unfortu- 
nately it has become a matter of party politics, but it may so seriously 
affect the welfare of the country that all moderate men—and, after all, 
I believe nine-tenths of the voters in this country would be moderate 
men were it not for a few firebrands who make an easy living by stirring 
up strife—should, I think, try to get to the bottom of the trouble. Un- 
doubtedly there is an enormous amount of undeserved poverty in this 
country, and anything that can be done to lessen this is worthy of all 
praise. But this is not the cause of the recent strikes. The majority of 
railway and tramway servants are fairly well paid, the wages being con- 
siderably higher than a few years ago, but the working classes seem to 
have made up their minds that capitalists are taking too large a share of 
the profits and labour getting too little. The dividends of the railway 
companies are, I think, a sufficient answer to this. The working classes 
appear to have shut their eyes to some very important facts, probably 
the most important being foreign competition in trade. We as a nation 
depend entirely upon our manufactures and our trade with other 
countrics, and if our scale of wage is higher, or, shall I say, our output 
per pound of wage is lower, under our present fiscal system we are 
seriously handicapped. Manufacturers are at their wits’ end to find 
out how to meet foreign competition: apparently the working man 
knows or cares nothing about this. 

Another point is that capitalists, whether large or small, will certainly 
try to get a fair return on their capital, and if they cannot invest it 
profitably in this country they will send it elsewhere, which of course 
means less employment of labour in this country. 

One very serious phase of the recent strikes was the more or less 
complete stoppage of the electricity supply at Liverpool. Several of the 
supply stations in London also had to be guarded by the military. 
Under our present conditions of civilisation it is most essential for the 
streets of our towns to be well lighted, and it should not be possible for 
a small number of men to interfere with lighting or similar services 
which are necessary for the safety of the public. In 1875 the “ Con- 
ѕрігасу and Protection of Property Act” made ita penal offence for any 
person employed in gas or water undertakings to break his contract of 
service, should such breach of contract interfere with the supply of gas 
or water. The date of this Act explains why electricity supply was not 
included. It is the duty of this Institution to get this Act amended 
to meet the requirements of the present time with the least possible 
delay. 

The following is the only probable explanation of the labour question 
that I can think of. There is an old saying, “A little knowledge is a 
dangerous thing," and I believe the present system of superficial educa- 
tion is unfitting working men for the work they have to do and not 
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fitting them for anything higher. It is to be hoped that 20 or 30 years 
hence the faults in the present system of elementary education will 
have been rectified and that the working man will be better fitted for 
the work he has to do. Now, the method seems to be to coax lads to do 
what some years ago they were made to do, and the old parental 
authority seems to have largely disappeared. The Boy Scout move- 
ment is an instance of this. Without doubt it doesa lot of good, and to 
some extent makes up for the loss of the discipline of former years, but 
it is humouring boys and making things pleasant for them. Will it 
make them better fitted to meet the stern realities and hardships of life? 
That which is worth learning is not easily learned. 

Several papers on the training of engineers have recently been put 
before the Institution, but it is not of much use having a number of 
highly trained engineers to design work unless you have the workmen 
to carry out the designs. I hope, therefore, that you will accept this as 
my reason for dealing rather fully with a matter that may seem to have 
little connection with engineering. The labour question is one of the 
most important of the present day, and is being most anxiously con- 
sidered by a large number of able men. Public opinion will, without 
doubt, in the course of time decide that these fierce struggles between 
the employers and the employed are most harmful to the welfare of the 
country, and methods will be devised for settling these disputes in a 
more reasonable way. Probably this much desired result is still a long 
way off, but if I have said anything to cause you to try to find some 
means of improving the present most unsatisfactory relations between 
employers and employed, I shall have done something. 
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YORKSHIRE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


T. HARDING CHURTON, Member. 


(Address delivercd November 15, 1911.) 


It is again my pleasant duty to address you at the opening of a 
session of this Section, and I thank you very much for the honour and 
distinction that you conferred upon me by re-electing me to the chair. 

The session upon which we are now entering promises to be one of 
exceptional interest, and some excellent papers will be presented to 
you. I hope that as many as possible of our members and their friends 
will avail themselves of the opportunities that will be afforded for 
extending their knowledge and that they will themselves add to the 
value and interest of the papers by contributing to the discussions upon 
them. In this connection, may I remind members that copies of the 
papers to be read are usually available some days beforehand, and that 
it should add to the interest of the discussions if members would more 
generally, perhaps, than hitherto, read the papers through and think 
the matter over before the meetings. 

The numerical strength of our Section has suffered through the 
transfer of a number of members to the Newcastle Section, the meet- 
ings of which they could more conveniently attend ; but their loss to 
us—as they are still in the Institution—we have no cause to regret. 
Apart, however, from the numbers thus transferred, there is a slight 
falling off in our numbers ; and though this is not at all serious, I would 
venture to impress upon all our members that it is to our advantage to 
make the Institution in general, and this Section in particular, as strong 
and representative in its membership as possible. The Council of the 
Institution, recognising that electricity is becoming more and more 
closely connected and associated with almost every form of industry, 
and that it thus claims the interest of a great many persons besides 
electrical engineers, has proposed to widen the borders of the Institu- 
tion so as to embrace many such persons, who, though not by profession 
electrical engineers, are interested in the application of electricity. 

For this purpose the classes of membership are to be slightly 
rearranged, and I hope that this, and the increased advantages that 

VoL. 48. 
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membership of the Institution now affords, will result in a large 
accession to our numbers in the near future. Each one of us should 
make it his business to introduce our eligible friends and acquaintances 
to the meetings and to endeavour to secure their admission to the 
Institution. 

This Institution has been not infrequently regarded, I believe, as a 
purely scientific and academic body, having little or no thought for 
matters connected with the trade or commerce of the industry. But 
though our work be chiefly concerned with scientific and technical 
subjects, we should not forget that for the realisation of the benefits of 
those discussions we depend upon trade. While we may keep our eyes 
on the stars we must remember that our fcet are upon the ground. 
Electrical engineers carry on their business or profession for the pur- 
pose of making a living, and this Institution will flourish or not according 
to whether its members succeed in that essential (or primary) purpose 
ог not. If, therefore, the advancement of the application of electrical `- 
science (to borrow the words of the Memorandum of Association) is 
hindered by economic or legislative causes that may be capable of being 
reduced or removed, it seems right that the Institution should do all 
that it fittingly can do to that end. The Institution of Electrical 
Engineers is, in fact, interested in the welfare of all sections of the 
electrical industry, and with the growth of its membership and 
influence is bound up, I believe, the future prosperity of the electrical 
industry in this country. And remembering that “in unity is strength," 
I hope to see close and effective co-operation between the Institution 
of Electrical Engineers and the various associations that have for their 
object the protection and advancement of the interests of their several 
branches of the industry. 


THE LABOUR PROBLEM. 


The state of unrest that has manifested itsclf in the unfortunate 
labour disputes of late, in consequence of which the electrical—in 
common with every other—industry has suffered, obliges us to consider 
what lies at the root of the trouble, and the principles that are involved. 

The state of agitation to which I refer has undoubtedly originated 
in the ambition on the part of labour to participate in a larger share of 
the wealth produced. A “living wage” for the least efficient or 
productive labourer, and more than that for those whose work requires 
the exercise of more skill, is demanded. Unfortunately, in this, as in 
many other problems of political economy, the meaning is vague and 
is obscured by the use of terms to which no definite meaning can be 
attached in the absence of exact definitions—which are seldom given. 
What, for instance, is meant by a “living маре”? Essentially, it must 
be that which may be exchanged for— 


I. Such an amount of food-stuff as may be required to replace the 
tissue expended in the act of performing the work, plus that 
expended in making good the constant losses (and which we 
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may liken to the constant losses in an clectric motor that is 
kept running “idle” while the work is not required of it) ; 
and— 

2. Protection against climatic conditions, whether clothing, fucl, 
or shelter. 


These two items include all that is absolutely necessary to maintain 
the worker, and the “ wages” that will procure them may therefore be 
called a “living wage.” But that, clearly, is not the idea of the man 
who wishes to enjoy “living ” as much as possible, and to be paid such 
a wage as will enable him to live up to his ideas. 

It has been said that perhaps the chief characteristic that distin- 
guishes mankind from the rest of the animal kingdom may be summed 
up in two words, “ progressive desire.” Whatever may be said of his 
desire to progress in other directions, it is at least easy to understand 
that he should desire to progress in his enjoyment of living. But let us 
consider some of the factors by which this is really regulated. 

The production of any commodity requires first, and as a necessary 
antecedent— 


I. Capital (which I would define as being the accumulation of the 
necessaries for existence or of anything for which they may 
. be exchanged, or of things necessary or useful for the produc- 
tion of either), and— 
2. Labour (by which I mean the exercise of physical work, or 
those, collectively, who are hired to perform it). 


Without capital, every one would be obliged, as the wild animals, to 
seek their daily food. As soon as a man “А” began to save a stock of 
food he accumulated capital that enabled him to turn his attention to 
producing something else—say, for example, leather. The skins of the 
animals that he had killed for food, now that they can be turned to 
something that he can exchange for food, become part of his capital, 
And if our capitalist finds that people will give him for his leather much 
more food than he could get by himself, and he then offers to feed 
regularly from his store another man (whose food supply may be some- 
what precarious) in return for which the man agrees to assist him to 
make more leather, then we have at once the position of capitalist- 
employer and labourer. 

Similarly another man, “ B,” having accumulated sufficient food may 
collect and smelt iron and from it make tools. Another, “C,” in like 
circumstances, may exchange some of his surplus food with “B” for 
some tools with which he may cut down trees and fasnion the wood 
into tables and chairs. 

Now, with a number of people in the community thus engaged in 
producing various commodities but not food, which, however, they are 
all the while consuming, it is clear that as a condition of their continu- 
ing in this course, they must be supplied with food by others who 
obtain or procure more than they themselves require, and which 
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surplus they are willing to exchange for the commodities produced by 
the “industrial” members of the community. Let us suppose that 
* D" having accumulated sufficient capital to keep him supplied with 
necessaries for several months, commences agriculture, and finds that 
he has thereby so far improved the conditions that favour the natural 
production of food that he is enabled to provide sufficient for a number 
of others. Не is thus able to exchange some of it for tools with “В,” 
tables and chairs with “С,” and to offer to others a regular supply of 
necessaries in return for their labour. 

The knowledge, skill, and enterprise that enabled and induced the 
capitalist “А” to turn the skins to useful account, “В” to make tools 
from the iron-ore, “С” to make (with the aid of tools) tables and chairs 
from trees, and “ D" to facilitate and thus increase the food supply, 
was part of the “ capital" of each—these attributes, or some of them, 
being essentially necessary forthe production of necessaries for existence 
or of things for which they may be exchanged—and it was, in fact, the 
possession of them in a superior degree that enabled “А,” “В,” “С,” and 
* D'*to acquire their material capital. And it was these same qualities 
together with the material capital they had acquired that enabled the 
possessors of them to employ others who did not possess them in an 
equal degree. The result was that the labour was rendered more 
efficient by the guidance of the employer and the use of his capital, 
and, reciprocally, the capital (including the personal attributes) of the 
employer was rendered more efficient (i.e, productive) by the labour 
employed. Thus, both the employer and employed were directly 
benefited by the co-operation. 

It will, of course, be clear that the principle of exchange is precisely 
the same whether the commodities are directly exchanged for one 
another or money is employed as a convenient medium of exchange. 

With all the complexity of the system in which we live, we depend as 
much as ever upon the food supply and are just as dependent upon the 
accumulation of capital to maintain the possibility of a civilised state as 
was the simple community we have considered. 

The problem that we are investigating resolves itself, then, into 
this :— 

What is it that regulates the proportion of the produce of the capital 
and labour employed which goes to the owners of the capital and to the 
labourers respectively ? 

The relative value in exchange of anything, be it capital or labour 
depends upon the law of supply and demand—that is to say, its value in 
exchange varies inversely as the supply of it and directly as the demand 
for it. 

We are familiar with the fact that when there is a shortage in the 
supply of any commodity the price of it goes up, and, on the other hand, 
that when there is a plentiful supply of an article—say of plums, for 
example—the price goes down. For precisely the same reasons the 
value of labour of any particular kind depends upon the supply of, and 
the demand for, that particular kind of labour. We well know that 
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а тап that can perform а certain kind of work for which there is а 
large demand, but which few can perform or can perform as well, is 
relatively highly paid for his services. 

On the other hand, work that can be equally well done by a much 
greater number of persons, is paid for at a correspondingly lower rate. 

Similarly with capital. The more that it is in request, the higher is 
the price that its use will command. The more capital there is ina 
country, the less must be the value of the use of it for a given amount of 
production in that country, and vice versa. 

Now, in any particular part of the world, the supply of a commodity 
depends partly upon the total supply of the world and partly upon the 
facilities that exist for transferring it from other parts to that particular 
part of the world. 

Thus, the supply of wheat in this country depends upon the facilities 
that exist for bringing it from America, Russia, and other countries. 

Likewise the supply of labour in this country depends upon the 
facilities that exist for transferring it (or the products of it) from other 
countries to this country. 

Any inequalities there may be in the value of either capital or labour 
in various parts of the world in consequence of local conditions of 
supply and demand, tend to produce a flow from those parts where the 
value is less to others where its value is greater, and thus to establish a 
condition of equilibrium. 

The wonderful fleets of leviathan ships that to-day traverse every 
sea, and the giant railways that penetrate to the heart of every land, 
facilitate more and more, day by day, the flow of capital and labour, 
and thus increasingly tend to preserve equality in their respective values 
throughout the civilised world. 

Now, let us call the value in exchange of a commodity, as deter- 
mined by the law of supply and demand, its “ market value.” Then— 


Capital has its market value ; 
Labour has its market value ; and the 
Product of the capital and labour has its market value. 


And, clearly, if the market value of the product is not at least 
equal to that of the capital and labour, respectively, employed in 
its production, the production will decrease until its value reaches 
that point or will cease entirely. If the product is a necessary, 
the decreased supply will probably soon cause the value to rise to the 
point at which it is equal to the market value of the capital and labour 
employed. But the point is this: If either the capital or the labour 
employed in the production of any commodity or in any particular place 
can find more profitable employment in the production of any other 
commodity or in any other place, there is a natural tendency for either 
to flow to such other employments or places. 

If an employer pays less than the market value for labour and reaps 
the benefit himself, the greater return for capital in that industry will 
attract the competition of other capitalists, while at the same time the 
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underpaid labour would be gradually diverted to more profitable 
employment, both of which causes tend to maintain capital and labour 
at their respective market values. 

While, however, such are the fendencies to maintain equilibrium by 
the flow of capital and labour, the currents are not—to continue the 
metaphor—in a perfectly fluid but a. viscous body—so that the flow is 
sometimes slow and equilibrium only partially preserved. Capital, for 
example, in the form of land, buildings or machinery, cannot always be 
readily adapted to another use. And a man who, after years of train- 
ing, is skilled at one kind of work, cannot always readily adapt himself 
to another kind of work of equal value in exchange. 

But, to continue our enquiry, let us see what results follow, or tend 
to follow, the “artificial” raising of the value of either capital or 
labour by means of combination among capitalists or labour 
respectively. 

Labour combinations usually consist of persons engaged in the 
same class of work and within the same geographical area. The area 
may be a town or a district, a country or a group of countries. 
Variations in national characteristics and conditions, ideas, language, 
and other causes render co-operation over the larger areas less effective 
and, in fact, limit the scope of effective combination. 

But whatever the extent of the combination, the object is to maintain, 
with relation to the rest of the world, a higher level of market valuc 
than that which they would possess if left to the free operation of the 
law of supply and demand. 

The obstacles by which the flow that would naturally tend to 
equalise the value within and without the combination is resisted (and 
that are added by the combination to those that already exist) are, 
first, the exercise of persuasion (accompanied sometimes by force) to 
prevent the competition of their neighbours, and, secondly, with regard 
to other countries, the imposition of tariff duties upon the importation 
of such commodities as they themselves produce. 

In this country, at present, the first only of these barriers is 
employed. Let us consider, then, the case of a combination of, say, 
the whole of the persons that are employed in this country in the 
production of any one commodity. 

We have already seen that the supply of a commodity in a country 
depends not alone upon its production in that country, but also upon 
the facilities that exist for importing it from other countries. So that, 
in this case, if the commodity produced by the kind of labour in 
question is one that may be readily imported from other countries, the 
value of the labour in the combination will thereby and to that extent 
be kept in check. 

In other words, we may say that as— 

Supply depends (in part) upon facilities for import, and as 
Market value depends upon supply (and demand), therefore 


Market value depends (in part) upon facilities for import (and 
demand). 
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Now, if outside competition keeps down the markct value of the 
commodity to such a level that when labour has been paid at its 
increased rate, there is less than the market value of the capital left, 
there will at once be a tendency for the capital to be diverted to more 
profitable uses. Thus, the employment in that industry in this country 
will decrease, and the foreign importation will increase. 

A striking example illustrative of this came to light in August 
last, when а chainmaker was prosecuted under the Trade Boards 
Act for paying boys in his employ 12s. 6d. and 13s. per hundredweight 
for making a particular class of chain, whereas the minimum legal rate 
was 17s. From the evidence it appeared that the market value of the 
chain was only 17s. a hundredweight, which therefore left nothing— 
after paying the legal rate of wages—for material or other expenses or 
profit. The result of such legislation must clearly be to drive the trade 
and employment away altogether. 

In this connection, I may relate what was said by the judge of the 
Federal Arbitration Court of Australia some two years ago while 
settling a dispute. He could not, he said, dictate to the employers 
what work they should carry on. But he could and would prescribe 
the conditions under which they must employ men, if they chose to 
employ them ; and, if any industry could not afford to pay the “ living 
маре” which the Court awarded, its remedy was to apply to the 
Federal Parliament for protective duties that would allow it to comply 
with the award. 

Whatever may be said for or against the remedy suggested by the 
Australian judge, and whatever may be said as to the pros and cons of 
its application to our own country, at least it seems clear that by no 
other means can the free flow of competitive foreign labour be checked 
or prevented—the point that is germane to our present inquiry. 

We see, then, that— 


1. The extent to which the value of labour may be raised by com- 
bination depends upon the facilities with which it—or the 
products of it—may be imported ; and 

2. That any further increase tends to result in less home employ- 
ment and more foreign importation. 


But there is another result that may be noted. A rise in wages of 
one kind of labour is generally followed by a rise in other kinds of 
labour. Taking advantage of the “viscosity " of capital and the per- 
suasive eloquence of the “ picket” to stave off, at all events for a time, 
the effects of competition, one section after another succeeds in obtain- 
ing increased wages, which process tends to restore the original rela- 
tive values in exchange. The wage earner, having in consequence to 
Pay inore for his commodities, may be really no better off in the last 
stage than in the first. And here, may I observe, that we are all of us, 
as consumers, thereby indirectly employers. When the miner buys his 
clothes or boots, he is indirectly employing the clothiers or bootmakers, 
and, in the same manner, when the clothier or bootmaker buy coal, 
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they are indirectly employing the miner. If all charge the same pro- 
portionate increase for their labour they will be neither better nor 
worse off for the change. 

It is said that though in recent years rates of wages have been 
generally increased, the cost of living has increased in a still greater 
degree, which indicates that the demand for food-stuffs and other 
necessaries has increased more than the supply of the same. Neglect- 
ing fluctuations due to climatic causes, it would appear that this result 
is brought about by there being a smaller proportion of labour or 
capital—or of both—employed in the cultivation of food than hitherto. 

Now with regard to combinations of capitalists, the principles that 
apply to labour apply also to capital. Such combinations exist for the 
purpose of maintaining, with relation to the rest of the world, a higher 
level of market value for their capital than that which it would possess 
if left to the free operation of the law of supply and demand. The 
extent to which their object can be achieved depends, like labour, upon 
the facility with which similar forms of capital, or the products 
thereof, can be imported. For that reason, in a country in such cir- 
cumstances as this, having ample shipping communications with every 
part of the world, and no restrictions upon imports, the conditions for 
effective combination among capitalists are not favourable. 

To sum up the answer that I have thus attempted to the question— 
What is it that regulates the proportion of the produce of the capital 
and labour employed which goes to the owners of the capital and to the 
labourers respectively? It s the law of supply and demand. Supply 
is dependent upon the facility with which the commodity may be im- 
ported, and upon the degree of this facility depends the extent to 
which the value of either capital or labour may be locally forced up by 
combination of capitalists or of labour respectively. 

Now, we have seen that the production of commodities requires both 
capital and labour, and it is therefore safe to say that if the supply of 
either Capital or Labour falls below the amount which the other can 
profitably utilise, the supply of the product must be diminished. And, 
conversely, if both the factors of production are proportionately in- 
creased, the product will also be increased. 

And it also appears that the greater the amount of produce to 
divide, the greater will be the amount received by the parties to thc 
distribution. 

Therefore I say— 


Encourage Capital—it is necessary for employment. 

Encourage Labour—it is necessary to render Capital productive. 

Encourage the greatest possible efficiency іп production—the 
"living wage" is measured by it. 
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NEWCASTLE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


C. S. VESEY BROWN, Member. 


(Address delivered December 11, 1911.) 


I thank you for the honour conferred in selecting me to act as your 
chairman for the ensuing session. 

Amongst other matters to be considered are the proposed new 
Rules, and the session is likely to be productive of considerable 
discussion on account of the alterations suggested by the Council in 
order to strengthen the status and financial position of the Institution. 
It is to be hoped that any criticisms which may be made in connection 
with the suggestions put forward by the Council will be approached 
in that spirit which should animate every one who desires to see it 
strengthened, and the objects for which it was established safeguarded. 
I may here, perhaps, venture to hope that the addition of new members 
of all branches of the Institution to this particular Section during this 
next session may be larger in proportion than it has been in past years. 
Undoubtedly now is the time for electrical engineers to join and to 
give adherence to an Institution which has successfully carried on 
useful work for the last forty years. 

Originally formed as a “Society of Telegraph Engineers and 
Electricians,” the objects, as stated in its then Memorandum of 
Association were, amongst other things, “То promote the general 
advancement of electrical and telegraphic science and its applications, 
and to facilitate the exchange of information and ideas on these 
subjects amongst the members of the Institution and otherwise, and 
for this purpose to hold periodical meetings, to promote and hold 
inspections of instruments, apparatus, and to publish proceedings and 
reports, communications and treatises on any of the applications of 
electrical or telegraphic science." In 1883 it was felt by a number of 
members of this Society who were not particularly interested in the 
applications of telegraphy, but who were then working at the develop- 
ment of the applications of electrical science in other directions, 
namely, electric light, power and traction, that this title did not 
truly represent the status and profession of the majority of the 
members, and accordingly it was changed, and since then the original 
society has been known as “Тһе Institution of Electrical Engineers." 


' 
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From time to time the development of electrical science, as in other 
branches of engineering, has brought about outlets in which members 
of the Institution have specialised, and, with the spread of the know- 
ledge in all the different branches of the industry which the Institution 
has been largely the means of disseminating, other Institutions and 
Societies have been founded, with the special object of advancing the 
knowledge of the particular subject under review. The same develop- 
ment has taken place in connection with the Institutions of Civil and 
Mechanical Engineers, and we all know that there are engineering 
societies devoting their energies to some special object in every 
manufacturing district in this country. One cannot forget, however, 
that all these engineering societies owe their original inception to the 
fact that the parent institutions were commenced, and have continued 
to remain, the fountain-head of each branch of the enginecring 
profession, and though a local society, independent of any of these 
institutions, may be started and carried on so as to enable resident 
members of any particular branch of the engineering profession to 
meet and discuss technical questions in consequence of their inability 
to join in the principal discussions in London, yet, in the end, it is to 
the parent institutions that one appeals in all matters of principle and 
guidance by such an independent ѕосісіу. 

It was in order to avoid the multiplication of these smaller societies 
in connection with electrical engineering, that some ten or eleven 
years ago the Institution of Electrical Engineers decided to form and 
foster “ Local Sections” of the main Institution. These branches were 
chosen at the time to represent the different manufacturing districts 
where the greater majority of the members resided and carried on 
their business. It is impossible, of course, to have a Local Section in 
every town, and no doubt nearly as much inconvenience is occasioned 
to members who reside at some considerable distance from the local 
centre, as if that local centre had not been created and London 
remained the only place where discussions took place. I know of no 
district where this is so prominent as our own, and it is unfortunate 
that those belonging to this Section who are engaged in the electrical 
industry in the Tees district should be unable, on account of the 
distance, to attend the meetings in Newcastle. It is also a matter 
of regret that a more prominent part in our discussions is not taken 
by students. This may be due to a natural diffidence not to appear 
as a "semi-public orator," or it may not, but I can assure those 
students who feel at all nervous at the risk attached to “catching 
the Speaker's eye," that once done, there is no doubt that he will 
live to repeat the experiment. The discussions on papers are equally 
serviceable for asking questions or for giving information, and every 
one should take his part in making them useful. Propositions are 
being considered by your local committee to avoid these difficulties 
and to give improved opportunities to all members and grades of the 
Newcastle Section to take part in its proceedings. 

It is now more than seventeen ycars since I first came to the North- 
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East coast as electrical engineer to the Sunderland Corporation. In 
1894 the only electrical supply systems in operation were those com- 
menced in 1891 by the Newcastle and District Electric Light and the 
Newcastle Electric Supply Company's at Forth Banks and Pandon 
Dene. Between 1894 and тоот Sunderland and South Shields com- 
menced operations, and іп 1991 a considerable impetus was given to 
the supply of electric light, power, and traction, by the erection of a 
number of large and small power stations throughout the North-East 
coast. 

I will not weary you with the details of the progress made, but it 
has been phenomenal. In the short space of ten years the kilowatt 
capacity of generating plant in public power stations has risen from 
14,600 to 137,000, the output of units has increased from 42 millions to 
225 millions, and the capital invested has grown from £660,000 to 
£5,000,000. 

There is a word of praise and congratulation due to those who have 
assisted in bringing about this great transformation, especially when 
one considers that it has been done in the face of such cheap fuel as 
can be obtained locally for manufacturing purposes. 

In 1902 I ventured to predict that during the next ten years a great 
development and investment of capital in electrical plant of all de- 
scriptions would take place on the North-East coast, and I even went 
so far as to suggest £ 10,000,000. When one adds the amounts spent 
by the various manufacturing interests represented in the railways, 
shipyards, engineering works, iron and steel works, collieries, and the 
hundreds of other trades carrying on business here, to the sums spent 
on public supply, I think that my prognostications will be proved to be 
nearly correct. I cannot hold out the same hope of a million a year for 
the next ten years, but just hope that it will be so and “ wait and see.” 

The only possible large increase I can foresce at present is in the 
direction of railway electrification, and the attraction of those electro- 
chemical and metallurgical processes which require a cheap and 
reliable supply of power to maintain their position in the manu- 
facturing markets of the world against foreign competition. 

It is becoming more difficult each year for the chairman of this 
Local Section in following such distinguished predecessors, to choose 
some special object for his address which is congenial to his particular 
sphere in the electrical industry, and on which he is able to enlarge 
with facility in order to secure that rapt attention to the oracular 
statements which such addresses are generally alleged to require 
from a technical audience. More particularly so is this my case this 
evening, so to be on somewhat safe ground, and perhaps avoid too 
much criticism, I propose to place before you some points on the 
training requirements of an electrical engineer. 

I do so all the more readily as I feel that too much attention cannot 
be drawn to the extraordinary and diversified character of the subjects 
upon which the electrical engineer is required to express an opinion, 
in callings quite alien to the application of electrical science. 
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It is not too much to say that he should have more than a little 
knowledge of law and accounts, and be ready equally well to discourse 
on how to find and repair a fault in a cable, give his views on the 
“then value” of electrical plant under the Electric Lighting Acts, 
or an estimate of the annual cost of energy uscd by an electric motor 
driving a brickyard as against suction gas with anthracite coal supplied 
at “next to nothing per ton.” 

The average man outside the electrical “КОЛОТ profession has 
not the dimmest glimmer of an idea as to the educational training 
and requirements that most electrical engineers have to go through 
to be able to attain even a modest competence wherewithal to main- 
tain himself, and I venture to say that in no other profession, except 
perhaps the medical, are the requirements of knowledge so rigid and 
varied. 

The Charter of the Institution of Civil Engineers states, amongst 
other things that: "Certain subjects of his Majesty King George IV. 
have formed themselves into a society for the general advancement 
of mechanical science, and more particularly for promoting the acqui- 
sition of that species of knowledge which constitutes the profession 
of a civil engineer, being the art of directing the great sources of 
power in nature for the use and convenience of man,as the means 
of production and of traffic in states, both for external and internal 
trade as supplied in the construction of roads, bridges, aqueducts, 
canals, river navigation and docks, for internal intercourse and 
exchange, and in the construction of ports, harbours, moles, break- 
waters, and lighthouses, and in the art of navigation by artificial 
power for the purpose of commerce and in the construction and 
adaptation of machinery, and in the drainage of citics and towns.” 
After declaring that these loyal subjects have subscribed and collected 
considerable sums of money for these purposes, His Majesty goes 
on to grant to them and to those who shall hereafter become members 
of the said society, his Royal Charter of Incorporation, being desirous, 
as he expressed it, “оҒ encouraging a design so laudable and salutary.” 
I have quoted this extract from the Charter of the Institution of Civil 
Engineers because I cannot find that our own Memorandum of Asso- 
ciation, even with this example before it, goes beyond the advance- 
ment of electrical and telegraphic science and its applications, without 
considering their direction for the “ use and convenience of тап,” etc. 

We may, however, I think rightly, hold that the general objects 
defined in the Charter of the Institution of Civil Engineers 
applies equally to this Institution, inasmuch as the majority, if- not 
all of the members of this Institution, are devoting their lives 
and energies to the art of “directing one of the great sources of 
power in nature "—which we call electricity, and it is becoming more 
and more a necessity for the use and convenience of mankind as our 
knowledge of its applications develops. 

The objective of the profession of an electrical engineer may 
therefore be taken to be on the lines indicated by the above quota- 
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tion, and it is in that direction that most of us have aimed to train 
ourselves. 

The methods by which the training is carried out are various, and 
it is a subject which occupies the serious attention of every professor 
of all modern engineering schools and employers of labour in engineer- 
ing workshops. Some years ago the following letter was written by 
the most eminent electrical engineer of our time in answer to an 
inquiry from a lady as to whether her son should be educated as an 
electrical engineer. The letter is dated 1884, and reads as follows :— 


“There is no business to make a profession of electrical 
engineering. There is, at present, very little work going on, 
and a great many people are learning. By the time the work 
comes it will be much easier for ordinary tradesmen and 
mechanics than plumber work and gas fitting is at present, and 
the whole amount of electrical work, though much greater 
than at present, may be done by a smaller number of leaders or 
scientific people with good salaries than at present. A young 
person intending to be an engineer or a mechanical engineer 
ought to learn electricity in addition to what it has been hitherto 
considered necessary to learn in engineering application, and 
so to be qualified to take electrical work in case of any open- 
ing, or, what is much more likely to be his case, to be ready 
to take charge or superintendence of any electrical work that 
may have to be done as part of any greater undertaking that 
he may be connected with." 


This letter, as you will see, was written twenty-seven years ago, and 
during that period an enormous change has taken place in electrical 
engineering. At that time there were no Carvilles, Trafford Parks, 
Rugbys, Schenectady, A. E.G., etc. The workers and leaders іп the 
applications of electrical science were few. "They groped in the dark 
chasms of experimental data to find logical results to formulate a basis 
on which to build up practical results. In that sense the opinions 
expressed at the beginning of the letter were justified. And I think 
they are largely justified to-day taking into account the relative pro- 
portions of electrical work then done and what has been done since. 

It is true that to-day we have a multitude of practical designers 
and scientific investigators, but what an enormously varied field of 
operations they have to work in! It is also my opinion that the 
advice given at the end of the letter applies equally to-day. The 
electrical engineer ought necessarily to occupy himself with nearly 
all questions involved in mechanical engineering in order to be able 
to follow the profession of an electrical engineer. 

As a supplement to this opinion I will give you an American 
specification of the requirements of a good electrical engineer. 


"He must be of inflexible integrity, sober, truthful, accurate, 
resolute, discreet, of cool and sound judgment, must have 
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command of his temper, have courage to resist and repel 
attempts at intimidation, a firmness that is proof against solicita- 
tion, flattery, or improper bias of any kind, must be energetic, 
take an interest in his work, quick to decide, prompt to act, 
and fair and impartial as a judge on the bench ; have experience 
in dealing with men, and must have some business habits and 
knowledge of accounts. Men who combine these qualities are 
not to be picked up every day, still they can be found, but they 
are greatly in demand, and when found they are worth their 
price—rather they are beyond price—and their value cannot be 
estimated by dollars." 


This strict specification of what a good engineer should bc is a 
high standard to aim for, but I think you will all agree with me that 
there is no qualification mentioned in that specification which should 
not be strictly under penalty for non-fulfilment of the contract, and, 
as I will endeavour to show you later, the general requirements of an 
electrical engineer do not fall far short of the rigid terms imposed. 

During the past year the Institution of Civil Engineers held the 
second General Conference on Education and Training of Engineers. 
The general education, scientific training, and the practical training 
were the three separate sections into which the Conference was 
divided. No definite conclusion was arrived at, but it was suggested 
that :— 


I. The continuity of studies between public schools, where the 
elements of science are taught, and the universities and 
technical colleges should be improved. 

2. That a closer connection between the science masters in the 
schools and the institution is desirable. 

3. That the universities and technical schools should consider the 
desirability of a sandwich system of study, that is to say, six 
months at college and six months at a workshop. 

4. That employers and technical colleges should co-operate more 
closely in order to give such practical training as might be 
obtained in twenty-four or thirty-six months on the sandwich 
system. 


The members of this Institution will pardon my drawing attention 
to the proceedings of any other institution than their own, but my 
justification for doing so is that our own Institution has not yet taken 
into consideration any scheme, nor, as far as I know, have they recom- 
mended any form of training for an electrical engineer. That will, no 
doubt, come with the strengthening process now going on. To a large 
extent the electrical engineer has in the past been dependent for his 
training on the old principles which guided those responsible for the 
education of civil engineers, viz., school, drawing office, practice in 
the field, and then a “ junior's job." The opinions expressed by those 
who took part in the Conference mentioned above were practically 
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focussed on the conclusions arrived at, with, of course, individual 
exceptions based on experience. 

There can be no two opinions with those who consider that the first 
element of an engineer should be a sound general education with some 
knowledge of one or more modern languages, a good grounding in 
mathematics (including Euclid). It is a lamentable commentary 
on the rush of modern life that time cannot be found for the 
teaching of Euclid, which has been dropped in so many schools. 
The mental training induced by the logical sequence of problems 
which Euclid presents are the finest exercise for the balanced mind 
required in the solution of engineering problems. 

At sixteen to eighteen years of age the student is taken from the 
steady discipline and regular instruction of a school to cither a tech- 
nical college or a workshop, and, as a rule, the choice is made irre- 
spective of any particular idea other than to “teach the boy electrical 
engineering." It cannot be otherwise. No one can predict with cer- 
tainty what will be the particular development of another human brain. 
One can only conjecture, help, and hope. 

From that date onwards his career depends generally as to 9o per 
cent. on his own initiative and as to 10 per cent. on his surroundings. 
There are, of course, exceptions, when by chance an employer or a 
professor discovers the particular groove which is best suited to the 
student's brain, and forthwith gives every assistance to its development, 
but those exceptions are rare. 

Having finished a two or three years course at cither of these 
establishments the student is considered to have imbibed sufficient 
information, and is then launched on to the world as a budding elec- 
trical engineer. In most cases it is necessary that he should imme- 
diately earn his living and be independent of those sources of supply 
hitherto available for his support. During the whole course of this 
training little or no attention can be given to what one may term the 
general knowledge and business requirements which it is found later 
on are necessary details to enable the rigid specification demanded 
by the competition of an overcrowded profession to be fulfilled. 

It is my own opinion that the period allowed to the average student 
to educate himself up to the position at which the majority of elec- 
trical engineers should commence an active participation in the higher 
branches of electrical engineering has hitherto been too short, and 
I put in a plea for more breathing-space and a longer period in which 
to train in. I fcel sure that it would be for the ultimate good of the 
electrical engineering profession if the period of training was increased 
to at least four years before any student was qualified and allowed to 
take many of the positions which are often filled by younger men. 
One hears on all sides that the profession is overcrowded, but the 
remedy is in the hands of those who are in it now. I believe that the 
mixture of theory and practice provided for in the sandwich system 
of education in Scotland would produce excellent results with benefit 
to the profession. 
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I might here give my views оп the subject of examinations. As is 
well known, they are more often than not considered as the deciding 
factor in a student's ability compared with that of his fellows. An 
examination is, practically, made obligatory at all technical colleges, 
but little or no account can be taken in them of the student's ability to 
express his ideas in writing. I am quite sure that I am here expressing 
the views of a large number who have experienced the difficulties of 
transterring thoughts into words. As a matter affecting a decision 
on facts, and as an aid to memory, an examination is of value, but 
when it is necessary to reason out a problem it is sometimes difficult 
to appreciate the value of a written answer when stated in bald 
language. I will take, for example, the examinations which are con- 
ducted on behalf of a well-known Government Mining Department 
into the competency of electrical engineers in connection with coal- 
mines, and I give you a few questions culled from one of the latest 
set of examination papers. They will show you that the electrical 
engineer's knowledge is expected to be something beyond that of the 
application of electrical science, and this is where the general training 
to which I previously referred applies, and upon which I will further 
enlarge later. 


I. Describe and illustrate with a diagram the windings and 
connections of a shunt-wound motor. 


This is what one might term both a practical and theoretical question, 
and 20 marks are allowed by the examiner for correct answers. In 


contradistinction to this question ro marks only are allowed for the 
following :— 


2. In operating an electric coal-cutting machine in any gassy 
place, what are the duties of a machine-man as to inspection 


for gas, and what steps must be taken by him if gas is 
detected ? 


This question involves a knowledge of conditions outside those apper- 
taining to electrical engineering, and it will be noticed that the answer 


is relatively only 50 per cent. of value in obtaining the certificate 
of competency required. 


Ten marks are allowed for the following question :— 


3. What construction must be adopted for motors, starters, 
switches, etc., when such are worked іп a gassy place? 
What precautions are to be taken in adjusting brushes of 
motors under these conditions ? 


As this involves very considerable experience of all types of manufac- 
turers standard makes, it is obviously a question which should be 
entitled to more consideration from the point of view of marks. 
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On the other hand, 20 marks appears to be too high for answer- 
ing :— 


4. What current will a 4-E.H.P. direct-current motor of 85 per 
cent. efficiency use with a terminal voltage of 250 ? 


I quote these few examples, and I could give many more, not in any 
criticism of the questions put, because they lead, no doubt, in the 
judgment of those best qualified to give an opinion, to an cffective 
control of the electrical engineers who are called upon to supervise 
installations of electrical appliances which may become dangerous to 
human life unless proper care is taken in their maintenance, but I do 
offer a protest against differentiating in the value of any particular 
answer as a means of identifying the electrical engineering student's 
ability. May I therefore put it to you that an examination for any 
particular purpose is not the final test as to a student's ability, but can 
only be taken as a guide to his knowledge of facts, and that he is the 
fortunate possessor of a retentive memory. 

The electrical engineer has to face many difficult problems in the 
course of his career, which are not applications of electrical science. 
Itis for that purpose that the period of training in college and work- 
shop should include, if possible, such general subjects as will cover 
these contingencies. 

Amongst other qualifications must be that of expressing himself in 
such terms in connection with electrical nomenclature that the ordinary 
lay mind can, as a rule, grasp the meaning. I have recently seen a list 
of definitions of electrical terms drawn up by an American association 
for the use of colliery officials and others who, having lacked the 
special training in electrical engineering, are somctimes called upon to 
take part in the handling or operation of electrical apparatus. The 
list is a long опе, 74 terms in all, varying from “fuse” to “diversity 
factor.” I have not the time here to give you either the list or the 
definitions, which, in some instances, are fairly intelligible, but for 
your information I pick out three, as showing what terms the electrical 
engineer is supposed to use, and side by side with it the meaning to the 
lay mind:— 


“ Diversity Factor: Diversity factor shall be used to express the 
relation between the simultaneous demand of all individual 
customers and the sum of the maximum demand made by 
these customers. The sum of the maximum demand of the 
customers, no matter at what time they occur, divided into 
the simultaneous greatest maximum demand, when expressed 
in per cent., will give the diversity factor." 


This is a perfectly intelligible definition, and should be understood by 

the lay mind. A note is added to the explanation, which states: “It 

is a good thing not to have all the peak loads coming on the generating 
VoL. 48, 4 
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plant at the same time.” I think every one of my audience will 
appreciate the point of the note. 


“ Power Factor Indicator: A device to indicate the power factor of 
an electric current.” 


This answer may possibly satisfy the majority of questioners, but I 
looked in vain for the term or definition of “ power factor," and I think 
you will all agree with me that the very next question to be asked by 
a layman, after showing him a “power factor indicator," would be: 
“What is power factor?” 


“Wattless Component Indicator: A device for measuring the 
products of voltage of a circuit and the component of current 
at 9o? with the voltage. This product is the heating effect in 
excess of the heating that would be given by a circuit of the 
same voltage and power at 100 per cent. power factor." 


I leave it to my audience as to whether this definition would convey to 
the lay mind all that is covered by the term “ Wattless Component 
Indicator." 

I have given three examples out of a great number in order to 
further show how necessary it is that electrical nomenclature should 
be capable of a clear explanation easily understood by all, and also that 
the training of the electrical engineer is even more difficult to decide 
than is generally thought to be the case, and I ask those of you who 
have the inclination to work out the diversity factor in the exacting 
requirements of the profession based on his own experience over, say, 
one month. Who of us, for example, in commencing our careers, 
would expect that it should include, in addition to a knowledge of 
applications of clectrical and mechanical science, a close acquaintance- 
ship with the best conciliatory methods to pacify the irate customer 
who asserts that his meter reads incorrectly ; or again, did it ever cross 
our minds that some knotty point would require solution in the Electric 
Lighting Act, the Public Health Act, the Coal Mines Regulation Acts 
(of which there are many), a contract, or what depreciation should be 
allowed on plant, any one of which matters may come up in the daily 
routine. 

Another important factor in the electrical engineer's abilities from 
the point of view of his employer, especially if he bc engaged on the 
commercial side of the business, is his ability either to buy or sell, 
depending in which direction his energies are employed. Nor can I 
forget to mention the ability to be able to deal with his fellow-man 
according to the circumstances of the case, whether he be a director, 
the chief engineer, a cross-examining lawyer, a client, a customer, a 
contractor, or, last but by no means least, the British working man. 

I could quote further requirements of an electrical engineer's 
qualifications, but I think I have amply demonstrated that it is not the 
easiest of professions to graduate in,and that his education and training 
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are matters which cannot be decided off-hand, nor is it easy to define 
the routine to be followed. If I may say so, he is not “made,” he is 
"induced" in the strong alternating fields of circumstances and sur- 
roundings. He is daily grappling with the problems connected with 
that great force in nature called “electricity,” struggling to reduce it 
to a condition in which it will enable mankind either to earn his liveli- 
hood or dividends for the capitalist and, mctaphorically speaking, 
produce two blades of grass where one grew before. 

Of necessity he ought to be of a “hopeful” and chcerful disposition, 
not easily discouraged by the failure of a laboratory experiment or the 
non-fulfilment of a contract up to time. Moreover, he should—and my 
experience tells me that he does—maintain that spirit of determination 
to “do or die” in the combat with nature and mankind which makes 
the fight attractive to the properly balanced and scientifically trained 
mind. Finally, the electrical engineer with all his varied qualifications 
and requirements must never (pleasc notice I personally use the word 
" must" for the first time in this address)—I say he must never forget 
that his real education only commences when he receives in current 
coin of the realm that sweet reward which is the fruit of his first 
week's work, and that his whole future career is but one long process 
of training and development. 

Many of you have, perhaps, not considered how closely the two 
portions of my address are interwoven. 

I have pointed out to you how extraordinarily varied are the experi- 
ence and requirements of our calling and profession. It is because of 
these divergent interests and occupations all leading from one common 
standpoint, and the constant current of ideas flowing from one to 
another, the rapidity with which the wireless streams of thouglit alter- 
nate betwcen those of you who are charged at such a high pressurc 
with information that there is a risk of piercing the insulation of your 
minds ; it is because all these things require some protective device to 
kcep them in equilibrium that this section was established to maintain 
at its best the Institution of Electrical Engineers ; and let us not forget 
that of all the mottoes which can be applied to its work nonc fit it better 
than “ Union is strength.” 
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A Special General Meeting of Members and Asso- 
ciate Members duly convened and held at the 
Institution on Thursday, November 2, 1911— 
Mr. S. Z. ре FERRANTI, President, іп the chair. 


The Secretary read the notice convening the meeting as follows :— 


NOTICE IS HEREBY GIVEN that an Extraordinary General Meeting 
of the above-named Institution will be held at the Offices of the 
Institution, Victoria Embankment, London, W.C., on Thursday, the 
2nd day of November, 1011, at half-past four o'clock in the afternoon, 
for the purpose of considering, and if thought fit passing, as an 
Extraordinary Resolution the following resolution :— 


RESOLUTION. 


That the Articles of Association contained in the printed document 
subinitted to the Meeting and for the purpose of identification sub- 
scribed by the Chairman thereof be and the same are hereby approved, 
and that such Articles of Association be and they are hereby adopted 
as the Articles of Association of the Institution, to come into operation 
as and from the 1st day of January, 1912, to the exclusion of and in 
substitution for all the existing Articles thereof. 


By Order of the Council, 
P. F. ROWELL, 


Secrelary. 
Victoria Embankment, 


London, W.C. 
25th October, 1911. 
The President moved, and Mr. R. Hammond seconded, “ That 


this meeting stand adjourned to a date to be notified, not being earlier 
than the 3oth November, 1911.” 


After a short discussion the motion was put to the vote, and upon 
a show of hands was declared by the President to be carried. 


The meeting was accordingly declared by the President to be 
adjourned as above, 
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Proceedings of the Five Hundred and Twenty- 
sixth Ordinary General Meeting of the Institution 
of Electrical Engineers, held on Thursday, 
November 9, 1911—Мг. 5. Z. ге FERRANTI, 
President, in the chair. 


The minutes of the Annual General meeting, held on Мау 26, 1911, 
were taken as read, and confirmed. 


Donations to the Library were announced as having been received 
since the last meeting from L. W. Austin, E. H. Barton, F. W. Beney, 
Professor H. Bohle, The British Insulated and Helsby Cables, Ltd., The 
Bureau of Standards, J. Burns, A. J. A. Butterfield, Professor H. S. 
Carhart, A. E. L. Chorlton, Dr. C. Chree, Messrs. Constable & Co., Ltd., 
Messrs. Crosby, Lockwood & Sons, G. R. Devey, K. Edgcumbe, The 
Electrician Printing and Publishing Company, Ltd., Dr. J. Erskine 
Murray, The Frederick Printing Company, Р. W. Freudemacher, The 
Furukawa Mining Company, E. Garcke, Habibur R. Khan, Sir R. Had- 
field, J. S. Haldane, Н. К. Hamley, The Hill Publishing Company, Ltd., 
S. Hirzel, Н. М. Hobart, W. Н. Huskisson, The Hydro-Electric Com- 
pany, Ontario, The Iron and Steel Institute, Dr. A. E. Kennelly, J. B. 
Lippincott & Co., G. C. Lloyd, The McGraw Publishing Company, 
Macmillan & Co., Ltd., The Metallic Compositions Company, The 
Meteorological Office, Mix and Genest A.-G., С. Mourlon, W. Н. F. 
Murdoch, The Pacific Gas and Electric Company, A. Pacinotti, H.M. 
Patent Office, P. O. Pedersen, Physikalisch-Technische Reichsanstalt, 
Messrs. Purcell & Nobbs, S. Rentell, Professor D. Robertson, A. L. 
Rossiter, The Royal Society, Dt. A; Russell; The Sririthsonia» Institution, 
The Society of Engineers, E: and F. М. Sport, Ltd., The Standard Third 
Rail Company, W. T. Taylcr, А.Р. Trotter, The *Victorian Institute of 
Electrical Engineers, F. Vieweg and Sohn, В. Wade, Sons &' Co., Ltd., 
and T. F. Wall ; to the Museum from The Electrical Standardising, Test- 
ing and Training Institution, The General Post Office, Mr. H. Hirst, 
Mr. Н. F. D. Jacob, The National Telephone Company, Ltd. ; to the 
Building Fund from the Associated Municipal Electrical Engineers 
(Greater London), J. Kynoch, W. McGeoch, Jun., J. E. Stewart, A. P. 
Trotter, and A. H. Unwin ; and to the Benevolent Fund from The 
Electrical Engineers Ball Committee, The Electrical Section of the 
Building Trades Gift to the Nation, The Reunion of Old Cromptonians, 
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A. M. Taylor, and J. H. Tonge, to whom the thanks of the meeting 
were duly accorded. 


| The President then presented the Premiums and Scholarships 
referred to іп the Annual Report for the year 1010-11. 


The following paper, * Modern High-voltage Power Transformers 
in Practice : with Special Reference to a * T' Three-unit System," by 
William T. Taylor, Member (see page 55), was read and discussed, and 
the meeting adjourned at 9.55 p.m. 


9 
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MODERN HIGH-VOLTAGE POWER TRANS- 
FORMERS IN PRACTICE; WITH SPECIAL 
REFERENCE TO А “Т” THREE-UNIT 
SYSTEM. 


By WILLIAM T. TAYLOR, Member. 


(Paper received September 11, 1011; read before THE INSTITUTION November 
9, 1911, and before the BIRMINGHAM LOCAL SECTION on November 15, 1911.) 


(In the absence of the author in South America the paper was read on 
his behalf by Mr. J. F. C. SNELL, Vice-President.) 


To deal fully with a subject of this kind would cover a great amount 
of time and space, and as so much has been said in the past before this 
and other institutions of the theory of transformers—the properties of 
iron used in transformers—and other matters of equal importance con- 
nected with this apparatus, this paper will deal mainly with that part 
which particularly interests the operating engineer. This includes 
the practical operation, construction, types and systems to use, losses 
and costs. 

Long-distance transmission of electrical energy has created a 
demand for a transformer which will operate satisfactorily on trans- 
Mission lines extending over hundreds of miles. At first short 
distances only were applicable, but as the method of construction 
improved so that uninterrupted service could in most cases be relied 
upon, transformers were built for higher voltages, and now manu- 
facturers are prepared to build them in units above 15,000 k.w. and at 
200,000 volts. One large factory is using annually about 6,000 tons of 
steel and about 2,000 tons of copper in the manufacture of transformers. 
In that factory there are facilities for testing over 150,000-k.w. capacity 
of power and lighting transformers of sizes above тоо k.w. in 
each month. There are about 30,000 tons of transformers shipped 
annually from this factory. The history of transformer manufacture 
reveals that the first transformers used by Faraday in his historic 
experiments had for their magnetic circuit a closed ring of iron. 
Varley in the year 1856 pointed out the disadvantage of leaving the 
magnetic circuit open, and gave it a closed path by bending back and 
overlapping the end of the straight iron-wire core. In the early days 
of electric lighting Ferranti modified Varley's method by using, 
Instead of iron wires, strips of sheet iron bent back and interlaced. 
The then nearest approach to present-day practice was to embed link- 
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shaped coils in the recesses of a core built up of shaped stampings, 
afterwards completing the magnetic circuit either with sheets of 
laminated iron or with strips interlaced with the ends of the projecting 
legs. From this construction the “shell”-type transformer probably 
received its name. 

In selecting a transformer the following important factors must be 
carefully considered :— 


(a) The ratio of iron and copper losses should be such that the 
total resultant losses are a minimum. 

(b) The capital cost of the transformer and the cost of its total 
annual losses should be a minimum. 

(c) Reliability. 


The real cost of a transformer depends upon the amount which must 
be paid for the losses incurred during the life of the transformer and 
upon the first cost of the transformer. In considering these losses and 
the price paid for a transformer together, the losses may be con- 
veniently represented as capital by multiplying their annual cost by the 
life represented by interest and depreciation. 

Safety to life, durability, and economy are essential fcatures of a 
transformer, but the factor that really determines the value of this 
apparatus is its ability to give continuous and uninterrupted service. 
These features are sometimes sacrificed to obtain a higher efficiency, 
especially in high-voltage transformers where so much insulation has 
to be used. "This is not good practice, and a transformer designed апа 
built with the main object of efficiency at the expense of safety and 
reliability finally brings discredit to its makers. The loss in revenue 
alone due to the failure of a large power transformer would more than 
counterbalance the saving of several years due to an additional 1 per 
cent. in efficiency, without counting the great loss of confidence of the 
customers. The application of knowledge gained by many years of 
constant and careful study of all of the properties and characteristics 
of transformers in actual practice has placed this type of apparatus on 
a plane which is now both safe and reliable for operating voltages as 
high as 110,000 volts. Looking back over the development of the 
transformer the time is not distant when large units of moderately high 
voltage (20,000 volts) were considered by manufacturers a difficult if 
not altogether a dangerous proposition—in fact, quite as dangerous as 
designing and building to-day a transformer to give an output of 
20,000 k.w. at 200,000 volts. Commercial transformers have already 
been built for and are operating at voltages as high as 500,000 volts in 
small units of 200 k.w. The author believes there will shortly be 
transformers in operation in testing departments at much higher 
voltages than even this, and also that power transformers will be built 
in units of 20,000 k.w. at 200,000 volts. 

Whenever water is available and not expensive, water-cooled 
transformers are preferable to air-blast transformers of large and 
moderate sizes (2,000 to 10,000 k.w.), as it enables operation of trans- 
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formers at lower temperatures and thus allows more margin for 
overloads. Where water is not available, there is a choice of two 
kinds of air-cooled transformers—either the oil-filled self-cooled type, 
or the air-blast type which 1s cooled by a forced air circulation through 
the core and coils. This latter type is not very reliable for voltages 
above 33,000 volts, principally on account of the great thickness of the 
solid insulation needed and the consequent difficulty in radiating heat 
from the copper. 

A great deal has been said about the fire risks of air-blast and 
oil-filled transformers, but this is a matter that depends as much on 
surrounding conditions and the location of the transformers as on their 
construction. The air-blast transformer contains a small amount of 
inlammable material compared with the oil-filled transformer, but 
this material is much more readily ignited. A breakdown in an 
air-blast transformer is usually followed by an electric arc which sets 
fire to the insulating material, and the flame soon spreads under the 
action of the forced circulation of air. Although the fire is of 
comparatively short duration, it is quite capable of igniting the 
building unless everything near the transformer is of fireproof con- 
struction. The chances of an oil-filled transformer catching fire on 
account of any short circuit in the windings are extremcly small, 
because oil will burn only in the presence of oxygen, and, as the 
transformer is completely submerged in oil, no air can get to it. 
Moreover, the oil used in transformers is not easily ignited ; it will not 
burn in open air unless its temperature is first raised to about 400° F. 
And also, with oil at ordinary temperatures, a mass of burning 
material can be extinguished as readily by immersing it in the oil as in 
water. The chief danger of fire is not that the oil may be ignited 
by any defect or arc within the transformer, but that a fire in the 
building may so heat the oil as to cause it to take fire. The idea 
of placing oil-filled transformers in separate compartments is not 
thought so necessary now as it was some years ago. 

A large variety of transformers is now made, but the two designs 
best known are the “shell” and the “core” types. The operating 
engineer is interested qua design, mainly in the following particulars :— 


(а) Type of transformer. 

(6) Number and arrangement of magnetic circuits. 
(c) Form and arrangement of primary and secondary coils. 
(d) Process of impregnation and drying of coils. 
(е) Insulation and insulating material. 

(f) Oil ducts between coils and core. 

(g) Form and kind of tank. 

(h) Core and copper losses. 

(i) Temperature. 

(j) Regulation. 

(k) Cost. 

(1) Efficiency. 
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Of these factors only four affect the operating costs, namely, the 
_ core and copper losses, the temperature, the regulation, and efficiency. 
All of these factors represent quite a large sum during the life of a 
transformer. The hysteresis and eddy-current losses are generally 
combined under the term of “core loss.” The hysteresis in a given 
steel varies with the composition, hardness, frequency of reversal of 
magnetism, maximum induction at which the steel is worked, and with 
the temperature. The hysteresis loss varies approximately as the 1°6th 
power of the induction, and inversely as the frequency. 

The eddy-current loss varies inversely as the ohmic resistance, 
directly as the square of the induction, and decreases as the tempera- 
ture increases. It is greater in thick than in thin laminations— 
hysteresis being greater in hard steels than in soft steels—the eddy- 
current loss is also greater as the insulation between adjacent lamina- 
tions is less. 

Lowering the frequency of supply will result in increased 
hysteresis and higher temperature in the iron ; reducing the frequency 
from 133 to 125 cycles, for instance, will entail an increased hystcresis 
of about 4 per cent., and a reduction from 6o to 5o cycles will raise the 
hysteresis approximately 10 per cent. A reduclion of 20 per cent. in 
the frequency will increase the transformer exciting current about 
I4 per cent. 

For the same output there will be no change in the copper loss, but 
in the case of large power transformers the increased temperatures due 
to excessive iron losses will materially decrease the output, and the 
normal rated secondary current or low-voltage current will become 
a virtual overload. 

It is interesting further to note that an increase of about то per 
cent. above normal frequency at the rated voltage will lower the 
iron loss by nearly 20 per cent., while the exciting current will be con- 
siderably increased. Due to this smaller iron loss the secondary current 
may be larger for the same temperature rise, thus affording a greater 
available transformer output and an increased all-day station efficiency. 

The cost of this core loss may be approximately expressed as :— 


W 
Iron loss cost — 1009 (K + &), 


where W represents the iron loss in watts; K the cost of energy per 
kilowatt-hour in pence; & the annual charge in pence per kilowatt 
capacity of station and transmission lines. 

Iron loss and exciting current, in addition to decreased kilowatt 
capacity, result in greater coal consumption, both these factors being 
directly opposed to economical operation, and as the iron loss is 
practically constant while the transformers are connected to the 
system, no matter what the load may be, the total yearly loss will 
represent a great loss in revenue. 

While the core or iron loss is practically constant at all loads, the 


1911. } TRANSFORMERS IN PRACTICE, 59 


copper or I?R loss varies as the square of the current in both the 
high- and low-voltage windings. 

The latter is within easy control of the designer, as a greater or less 
cross-section of copper may be provided for the desired regulation. 
In a transformer core of a given volume and area, the number of turns 
for the required iron loss is fixed. To secure the desired minimum 
copper loss, advantage is taken of a form of coil wherein the mean 
length per turn is kept as low as possible with the necessary cross- 
section of copper. If the form of coil be rectangular it is evident that 
the mean length per turn of the conductor would be increased, provided 
the same cross-section of area of the core were enclosed, so in order to 
secure the shortest mean length per turn consistent with good construc- 
tion it is necessary to adopt a square core in which the corners have 
been cut off. Also, іп order that the greatest amount of conductor may 
be accommodated in the available space, all wire entering into the low- 
and high-voltage windings is either square or rectangular in shape. By 
using this form of conductor the area is increased by about 33 per cent. 
over that of ordinary round wire. This method permits the copper 
loss to be reduced, and at the same time allows a greater part of the 
total copper loss to take place in the high-voltage winding. The drop 
in voltage due to eddy currents in the conductors, and due to magnetic 
leakage, is minimised by the use of several small conductors of an 
equivalent cross-section. The loss due to magnetic ІсаКаре is made 
negligible by virtue of compact construction and the proper disposition 
of the windings with relation to each other and to the corc. 

The cost of this copper loss may be approximately expressed as :— 


W 
Copper loss cost — 1960 (K +p &), 


where W represents the copper loss in watts ; K the cost of energy per 
kilowatt-hour in pence; ф the ratio of the peak station kilowatt 
capacity to the connected transformer kilowatt capacity; and & the 
charge in pence per kilowatt capacity of station and transmission 
lines. 

The copper loss generally represents a less cost than the iron loss, 
due to the reduction in output charges arising from the short duration 
of maximum load. It also has a slightly less capital cost due to the 
diversity factor. 

The losses due to the magnetising current and heating are deter- 
mined from the manufacturer's guarantees. The exciting current of a 
transformer is made up of two components, one being the energy com- 
ponent in phase with the E.M.F., which represents the power necessary 
to supply the iron loss, the other component being in quadrature with 
the E.M.F., generally known as the magnetising current, and which is 
wattless with the exception of a small PR loss. 'The magnetising 
current shows very little influence on the value of the total current in 
the transformer when it is operating at full load ; but as the load 
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decreases, the effect of magncetising current becomes more prominent 
until at no load it is most noticeable. The greater the exciting current 
the greater is the total current at the peak of the load, and hence the 
greater must be the generating station equipment and transmission 
lines to take care of the peak. 

The total cost of magnetising current may be approximately 
expressed thus :— 


А M\PK xx. 
Line = т (с/- =) | боо in pence, 
and— 
: M\ P, K, x X. 
Station = т (с, f+ 2 ) —L000 ” in pence, 


where m is the magnetising component of exciting current in volt- 
amperes; C, C, the average wattless component of the line load and 
average all-day wattless component of total station load respectively ; 
f the fundamental frequency ; M the magnetising component of trans- 
former exciting current, expressed in terms of the line current; P, P, 
the line loss expressed in terms of line kilovolt-ampcres, and generator 
losses in terms of full load kilovolt-amperes respectively ; K, K, is cost 
of energy per kilowatt-hour in pence ; x is the cost of line per kilovolt- 
amperc, and X the cost of generators per kilovolt-ampere. 

The actual cost of magnetising current is in some cases of consider- 
able importance and should not be neglected, particularly where the 
installations are large. 

It is often said that regulation reduces the voltage upon the load, 
and therefore causes a direct loss of revenue by reducing the power 
sold. If, however, the mean voltage with transformer regulation is 
maintained at the same value as the constant voltage without regula- 
tion, the power delivered to the customer will be the same in both 
cases, hence there will be no direct loss of revenue. As the regulation 
of transformers is effected at high power factor mainly by resistance, 
and at low power factors mainly by reactance, both should be kept as 
low as possible. "With non-inductive loads the regulation is nearly 
equal to the ohmic drop, the inductance having but little effect. With 
an inductive load the inductance comes into effect, and the effect of 
rcsistance is lessened and is dependent on the power factor of the load. 
In general, the core-type transformer has not so good a regulation as 
the shell type. The reason of this is, that in the shell-type transformer 
there is a better opportunity for interlacing the coils. A well-designed 
transformer should not only maintain a low average temperature, but 
the temperature should be uniform throughout all its parts. The only 
efficient way of insuring uniform temperature is to provide liberal oil 
ducts between the various parts of the transformer, and these must be 
so arranged in relation to the high- and low-voltage coils as to give the 
best results without sacrificing other important characteristics. Such 
ducts necessarily use much available space and make a high-voltage 
transformer of given efficiency more expensive than if the space could 
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be completely filled with copper and iron. In view, however, of the 
reliability and low deterioration of a transformer of tliis construction, 
experience has demonstrated that the expense is warranted. 

The efficiency of a transformer is the ratio of the output to the 
input, and if the losses are known for the different loads the efficiency 
is easily determined. Where a transformer is operated at full load its 
“all-day” efficiency will be almost equal to its full load efficiency. 
Where a transformer is not operated at full load throughout the day, 
its “all-day " efficiency will decrease as the load decreases. The “all- 
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day” efficiency is an important matter to operating engineers, and in 
general it is found that transformers will operate economically and 
quite satisfactorily when worked at their limiting temperature rise. This 
may mean an overload for short periods of time, hence a high ratio of 
copper and iron loss and of course decreased first cost of transformers. 
The increase in first cost of transformers which are too large is greater 
than the capitalised cost of the reduced losses, and a careful study of 
conditions governing the loads should be made before a final decision 
is taken of the exact size to adopt for a given service. In making a 
choice of transformers it is sometimes difficult to decide exactly upon 
one particular type that will best suit conditions of load, character of 
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load, and locality. It is unwise to follow strictly a rule of choosing 
equal kilowatt capacity for equal generator units, although in some 
particular cases this will hold. 

In Fig. 1 the efficiency and regulation of shell-type transformers 
are shown. It will be noted on looking carefully over the diagram that 
the efficiency is rated high and well maintained over a wide range of 
load. The regulation also indicates special care in design to reduce 
magnetic leakage and to make the resistance drop a minimum. 


TABLE I. 


Single-phase Oil-filled Water-cooled 25-cycle 66,000 іо 6,600-voll 


Transformers. 
Output in Load Efficiencies. | 
e aus ———————À ÀM—— ГІТ Gallons al 
Temperature 100 75 50 25 Oil. per Minute. 

ISC. per Cent. | per Cent. | per Cent. | per Cent. 
100 953 950 94'I 90'2 200 2°0 
125 957 955 949 90:8 200 25 
150 900 | 9571 9 9r2 250 25 
209 904 9672 95'3 970 250 3 
250 9677 964 955 9274 350 35 
300 969 | 967 | 959 | 929 350 35 
333 909 | 970 | 965 | 947 550 30 
375 970 | 971 | 965 | 949 650 35 
400 971 | 972 | 990 | 950 700 3°5 
500 973 974 969 9574 750 50 
667 975 | 975 | 971 | 957 750 бо 
750 970 970 972 95'9 750 65 


Not very long agoa transformer was designed known as the “ forced- 
oil type,” the first designs having their oil-cooling outfit exterior to 
the transformer. Modern designs of this type have their cooling coils 
located within the transformer tank, being separated from the main 
body of oil by a sheet-stcel diaphragm. The heated oil is pumped 
from the top of the transformer and discharged into the upper part of 
the cooling compartment, and by continuous operation of the pump the 
cooled oil flows out from the bottom of the compartment and up 
through the spaces or ducts between the windings and the core. The 


1911.] TRANSFORMERS IN PRACTICE. 68 


forced-oil cooling-type transformers are used in sizes above 2,500 k.w. 
for single-phase and 7,500 k.w. for 3-phase. 

In Tables I. and II. there is shown a class of single-phase oil-filled 
water-cooled transformers 25 and 60 cycles respectively, giving the 
efficiencies at various loads; the sizes of transformers varying from 
IOO to 4,000 k.w. 


TABLE II. 


Single-phase Oil-filled Water-cooled 60-cycle 66,000 іо 6,600-volt 


Transformers. 
Output in Load Efficiencies. 
оо Gallons of icri 
Tem 100 i Д 
Rise per Cent. per Cont бес Cent per Cent, а 
100 956 | 954 | 944 | 908 100 2°0 
125 960 | 957 | 947 | 9r2 150 20 
ISO 962 | 959 | 950 | 9155 200 25 
200 966 | 963 | 953 | 920 200 39 
250 960 | 967 959 | 93°! 250 39 
300 9772 970 | 963 938 250 35 
333 968 | 975 | 956 | 924 550 35 
375 970 | 967 | 959 | 928 600 3'5 
400 971 96:8 960 920 боо 5'0 
500 973 | 979 | 963 935 боо 59 
667 976 | 974 | 967 | 942 650 55 
750 977 | 975 | 998 | 945 650 65 
875 979 | 977 | 971 950 650 ГА 
1,000 990 | 978 | 972 952 650 75 
I,250 98:2 'O 975 95:6 800 8o 
1,500 983 981 976 | 959 1,500 95 
2,000 994 98:2 97:8 96'1 1,600 125 
2,500 985 | 984 | 979 | 963 1,600 150 
3,000 986 5 9981 966 1,700 175 
3,500 98:7 986 98:2 96:8 Ï; 18°5 
4,000 988 | 087 | 983 | 970 | 1,950 195 


It is interesting to note how the values given іп Table I. compare 
with those shown in Table II. The regulation for the class of trans- 
formers shown in the first table for non-inductive load varies from 2°5 
per cent. to 1:6 per cent. in sizes up to 300 k.w., and from 2'4 per cent. 
to 1:2 per cent. in sizes from 350 to 4,000 К.м. ; while the regulation of 
the бо-сусіе list varies under non-inductive load from 2°3 per cent. to 
га per cent. in sizes up to 300 k.w., and from 1°75 per cent. to ogo per 
cent. in sizes 350 to 4,000 k.w. 

A general idea of the comparative efficiencies and floor space, ctc., 
of oil-filled water-cooled and air-blast transformers сап be gained from 
Table III. 
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Construction of High-voltage Transformers.—It is quite well under- 
stood that there are various types of transformers on the market to which 
manufacturers have given the name of “core-type” and "shell-type" 
transformers, although some of them differ so much in design that it is 
quite a difficult matter to the operating engineer to tell just how to 
classify them. However, the designs of transformers referred to herein 
strictly cover the core and the shell types, and are of the large output 
high-voltage kinds. 

Transformers are always sent from the factory as completely 
assembled in their tanks as their size and the transportation facilities 
in the countries they have to pass through will warrant. When they 
are sent disassembled, which is usually the case if they are for very 
high voltages, the tanks are all protected for shipment abroad but 
left unprotected for home shipment; the coils are carefully packed in 
weather-proof boxing. The core of the shell type is packed in strong 
wooden boxes of moderate size (in a loose condition). That of the 
core type is shipped already assembled, each leg being packed in one 
box and the end-laminations in separate boxes. Whether the trans- 
former is built up at its destination or sent already assembled, it should 
be thoroughly inspected before being permanently put into the tank. 
If the transformer is sent from the factory in its tank, which is very 
seldom done, it should be removed and thoroughly inspected and 
cleaned before giving it a '"'heat-run." 

Dealing first with the “ core-type" transformer, which consists essen- 
tially of two or three cores and yokes which together form a complete 
magnetic circuit, these cores and yokes are made up of laminated 
stampings, which vary according to different manufacturers from 
O'OIO to 0'025 in. in thickness, the laminations being insulated from 
each other by a coat of varnish or paper to limit thc flow of eddy 
currents. 

Fig. 2 shows that there are three cores of сама! cross-section joincd 
by top and bottom yokes of the same cross-section as the cores, and 
that upon each core are placed the low- and high-voltage windings for 
one phase. The low- and high-voltage windings are connected so 
that the fluxes in the cores are 120 electrical degrees apart, making 
their vector sum equal to zero at any instant. 

The usual designs of core-type transformers made by the manu- 
facturers have a uniform distribution of diclectric flux between high- 
and low-voltage windings, except at the ends of the long cylinders, 
where the dielectric flux will be greater and its distribution irregular. 

As already stated, the core-type transformer has its laminations 
shipped already assembled, wrapped in insulating material of horn- 
fibre and bound with strong binding tape, which serves as a binding to 
keep the laminations of the assembled sections intact. The different 
sections are assembled on wooden pins of the size of the holes in the 
laminations : first, with the end having longer dimensions between its 
end and pin-hole in one direction, and then this end in the opposite 
direction, alternating spaces thus being left for assembling the end 
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laminations. The approximate number of laminations per inch required 
in building up these laminated sections may be determined from the 
information that the iron, solid, would be about go per cent. of the 
height of the built-up laminations, 36 and 64 laminations per inch 
being about the number of laminations required for the two-standard 
thicknesses, 0°025 and o'ro in. respectively. The required number of 
laminations is built in an insulating channel-piece, and on the top of 
this channel-piece and the pile of laminations another channel-piece is 
placed, the whole being pressed down to dimensions and the channel- 
pieces stuck together with shellac under the influence of pressure and 
heat. The various sections are then assembled with wooden pins to 
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Fic. 2.— Three-phase Core-type Transformer. 


hold them together, these remaining in the holes permanently, and the 
assembled sections clamped to dimensions and wound with a layer of 
strong binding tape (half-lap), which must not extend beyond the 
beginning of the spaces for the end laminations. 

Now that the core is built up, the bottom end laminations should 
be inserted, their number corresponding to the spaces left for them, 
making them so fit into the spaces as to form butt-joints. These end 
laminations are assembled while the cores or “ legs" are resting in an 
horizontal position. While in this position the bottom clamp with its 
insulation is fastened over the end laminations and the whole raised by 
the help of another clamp and cross-bars to a vertical position, with 
open ends up. The clamping bolts are then placed in loosely, 
relying on the bolts which hold the bottom clamps in position to keep 

VoL. 48. 5 | 
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the cores in a vertical position during the assembly of coil supports 


and coils. 
The coils, which are of a cylindrical form, are raised by means of a 


stout tape and slipped over the cores. All of the coils which connect 
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FiG. 3.—60,000-volt Single-phase Core-type Transformer. 


together at the bottom should be connected immediately after the coils 
are in position. Between the low-voltage coils апа the high-voltage 
coils a cylinder-shaped insulating separator is placed, the separator 
being held in position by means of spacing strips of wood. АЦ 
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connections between outside coils can be conveniently made before 
the spacing strips are inserted between the high- and low-voltage 
windings, when the coils may be easily turned to such positions as will 
leave the coil connections as distant as possible from the side of the 
steel tank. The top connections should be made after all the coils of 
the high-voltage winding are in position. А pressboard insulating- 
piece or casing is finally placed over the whole assembly of coils and 
tied around with tape (see Fig. 3). | 

The connections leads are brought out at the top and supported іп 
a similar manner to those mentioned in the assembly of shell-type 
transformers. 

The *shell-type" water-cooled transformers and forced oil-cooled 
transformers are built in larger sizes than the core-type transformers, 
the former type having been built in 6,000-k.w. single-phase units and 
10,000-k.w. 3-phase units. 

The shell-type transformer shown in Fig. 4 consists of three single- 
phase transformers placed in one tank, the laminated cores being 


Fic. 4.—Three-phase Shell-type Transformer. 


constructed so as to form a single structure. The reduction of steel 
for the magnetic circuit amounts to from то to 20 per cent. of that used 
in three single-phase transformers placed side by side. 

In this type of transformer it is difficult to insulate the large number 
of edges and sharp corners exposed betwcen adjacent high- and low- 
voltage windings and between windings and core. At these places 
the dielectric density is very great, and it is a much more difficult 
matter to insulate them than the ends of the cylinder coils of a core- 
type transformer. Much more insulation is required and consequently 
a smaller space factor. In fact, a 60,000-volt. 2,000-k.w. 25-cycle trans- 
former of the core type will have a space factor of the windings (ratio 
between the total section of copper in the conductors to the total 
available winding space), of about 28 per cent., whereas in the shell 
type of the kind shown in Fig. 4 the space factor is only about 17 per 
cent. The result of this diminished space factor in the windings of 
a shell-type transformer is lower efficiency and worse regulation, and 
consequently a heavier and more expensive transformer for a given 
output and efficiency. It is sometimes recommended that graded 
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insulation should be used in high-voltage transformers between the 
high-voltage and low-voltage windings or between the windings and 
core because of the unequal distribution of the dielectric flux. In all 
properly designed transformers for high voltages the only change 
in the insulation is at the ends of the windings. 

In assembling the coils of a shell-type transformer, care should be 
taken to eliminate dirt and dust, and the coils at all times must be 
kept clean and dry. In unboxing the coils, each one should be wiped 
off with a dry cloth and stacked in the right order for assembly. The 
assembly for coils is begun on an horizontal plane, the outer press- 
board insulation-piece being set on two wooden horses correctly 
spaced, depending on the size of the transformer. The first coil, taken 


High Tension Winding 


Fic. 5.—End View, showing the Arrangement of Coils of a Shell-type 
Transformer. 


from the top of the stack, is placed in position with its inner edges 
insulated by means of channel-shaped insulation-pieces. Each coil 
before it is so placed has the same shaped insulation-pieces placed on 
its outer edges; insulation separators are arranged in a symmetrical 
order for both the low- and high-voltage coils with wooden filling 
blocks and channel-pieces set at the inside top and bottom of the coils. 
The assembly of these coils is usually done in accordance with erection 
drawings, like that shown in Fig. 5. 

In connecting the coils together, all soldering is best done as the 
assembly progresscs, also all taping of the connections, since the short 
stub connections are only accessible at this stage of erection. Before 
beginning! to solder, a cloth should be spread over the ends of the 
coils to prevent solder being splashed on them which might get inside 
the coils and ultimately cause a burn-out. During the assembly of 
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coils, great care should be taken to keep them and the insulation 
separators in alignment. To facilitate this, all the insulation separators 
are slotted at their four corners and a long strip of wood is threaded 
through as the coils are built up. After the assembly of coils has been 
completed and the outside top insulating-piece or collar placed in 
position, the whole is clamped down to dimensions. While the end 
clamps are holding down the coils, strong cloth tape is wound around 
the coils, between the two clamps, under considerable tension, the end 
of tape being finally secured by sewing it down, after which it is 
painted with a black insulating air-drying varnish. 

Getting the assembled coils from the horizontal position in which 
they rest to a vertical position necessary for the assembly of the core 
and completion of transformer requires the greatest care, especially 
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where transformers are of a larger size than 2,000 k.w. This is accom- 
plished by means of blocking the space, inside of the coils, and leaving 
sufficient space in the centre of the coil-space for a lifting-piece. The 
rope or cable for lifting should be slid over the rounded ends of the 
lifting-picce, care bcing taken that the wooden spacer is sufficiently high. 

The bottom end frame, or core support, is now ready to be set into 
position where it is desired to build up the iron, which is arranged ina 
similar manner to that shown in Fig.6. The coils should be lowered 
easily into position, so the parts of the wood frame between core and 
casting, which rest on the coils, should extend slightly above the parts 
of the wood frame which rest on the casting, thus allowing space for 
the coils to settle down. 

The iron laminations of shell-type transformers must be laid with 
great care, steel pins being used to keep the alignment, on which the 
laminations butt vertically. Lapping of the laminations must be 
avoided, otherwise difficulty will be experienced in getting in all of 
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them. Raw-hide mallets should be used for driving the laminations 
into line ; or, in case these mallets are not available, hard wood-pieces 
pressed against the laminations may be hammered. During the 
building up of the laminations they should be pressed down two or 
three times, depending on the size of the transformer. For this 
clamping, the top iron frame is usually lowered and forced down with 
special clamps, or the regular clamping bolts may be used if the 
threading on these bolts is sufficient to lower the clamp to the required 
dimensions ; these clamps or bolts may be left in position over night if 
any difficulty is found in getting in the laminations. In the case of 
transformers without a top-piece or frame, a specially constructed rigid 
frame of wood may be used. The laminations should be built up to 
such a height as will permit the core-plate to be forced into position 
under considerable driving. It is always a difficult matter to put in all 
the laminations that come from the factory, as special facilities for 
pressing are available there. After the laminations have been clamped 
down, the low- and high-voltage leads should be supported and 
insulated, care being taken when supporting the leads to see that they 
are properly spaced, as if they are placed too close together a short- 
circuit might occur. At the cast-iron frames, insulator bushings are 
used for this purpose which are held by metal supports to the frame, 
and at the point where the leads pass through the bushings cement is 
used to hold the leads in position. Both the high- and low-voltage 
end-leads connect to the terminal-board, which is located above the 
assembled coils and core. In the case of oil-cooled and water-cooled 
transformers all the leads are brought out at the top ; usually the leads 
from air-blast transformers terminate at the base, or partly at the base 
and partly at the top of assembled coils. 

In lowering transformers into their tanks, care must be taken to find 
the bottom cross-bar, into which the core tie-bolts are screwed, so that 
the transformers shall be properly centred in the tank. 

Of the two types, the core type is the easier one to assemble, and a 
full description of one particular method of assembly of this type may 
well cover practically every type, whereas the shell type varies in many 
ways and is a difficult piece of apparatus to assemble, especially in the 
larger sizes above 2,000 k.w. 

Air-blast transtormers are regularly built in capacities up to 4,000 k.w. 
and for a voltage of 33,000. Their efficiency, in good designs and with 
the required amount of air pressure, is slightly better than the oil-filled 
water-cooled transformer of the same capacity. 

The general design is very much like the ordinary shell-type trans- 
former with the exception of a few modifications in the iron assembly, 
where certain air spaces are left open for the circulation of air. The air- 
space area in these transformers is considerably in excess of the actual 
area required for the pressure of air specified for cooling. For this 
reason dampers are provided to regulate the air so that each transformer 
will receive its proportion. The air always enters the transformer at 
the bottom and divides into separate paths, flowing upward through the 


1911.] TRANSFORMERS IN PRACTICE, 71 


coil ducts controlled by the dampers at the bottom of the transformer 
casing, and through the core ducts controlled by a damper at the side 
of the casing. 

This type of transformer is always shipped already assembled, so that 
in the larger sizes great care is necessary in handling them. For ship- 
ment abroad the larger sizes would, of course, have to be dis-assembled, 
but this is of rare occurrence. 

The transformers are fixed in position over an air chamber made of 
brick or concrete, the sides of which are made smooth so as to minimise 
friction and eddy currents in the air. The trunk from the blower should 
be as free as possible from angles, and where these must occur, they 
should be well rounded off. Sufficient space should be allowed to run 
the high- and low-voltage leads, and for all necessary repairs and inspec- 
tion. Three-phase transformers have larger air chambers than single- 
phase transformers of the same aggregate capacity. The temperature 
of the outgoing air compared with the temperature of the ingoing air 
is the best indication whether sufficient air is passing through the 
transformers ; if there is not more than 20? C. difference, the supply of 
air will be found sufficient. As transformers are generally designed on 
the basis of 25? C., the best results are obtained when the temperature of 
the incoming air is not greater than this valuc. 

Installation of Transformers.—In the installation of high-voltage trans- 
formers of the self-cooled oil-filled, water-cooled oil-filled, forced oil- 
cooled oil-filled, and the air-blast types, it is thought that the following 
suggestions may cover some of the most important points which are apt 
to be neglected :— 


(a) In generating and receiving stations the transformers should 
be so situated that a burn-out of any coil, boiling over of the 
oil, or burning of the oil in any unit will not interfere with 
the continuity of service. 

(b) In generating and receiving stations the transformers should 
be so located that the high-voltage wiring from transformers 
to bus-bars is reduced to a minimum. 

(c) The transformer tanks, which must be made of a metallic or 
non-combustible material, should be perinanently and 
effectively grounded, preferably to the cables to which the 
station lightning arresters are connected. 

(d) Sufficient working space should be allowed around each unit 
to facilitate repairs and for necessary inspection. 

(e) During the entire process of installation of high-voltage trans- 
formers, the best workmanship is of utmost importance. 

(f) Very special care and knowledge are necessary on the part of 
those whose duty it is to dry-out transformers, for the 
difficulty is not so much in drying the coils, but in drying 
the whole insulation surrounding them and the core. No 
matter for what factor of safety the transformer has been 
built, it avails little in the case of carelessness or neglect to 
dry-out the transformer properly. 


12 TAYLOR: MODERN HIGH-VOLTAGE POWER [Nov. 9th, 


Before transformers leave the factory they are given a high-voltage 
teSt, the standard being to apply twice the rated voltage between the 
high- and low-voltage windings, the latter being connected to the iron 
core. The main object of applying this test is to determine whether 
the various portions of the coils are properly insulated from each other. 
It is now believed that the greatest cause of failure in high-voltage 
transformers arises from punctures between turns and not between the 
high- and low-voltage windings. 

To install properly and place in good working order high-voltage 
power transformers is quite as important a matter as their design, since 
upon this the life of a transformer depends. All transformers should be 
thoroughly dried out on arriving from the factory, and it is of course 
needless to say that all transformers which show evidences of being un- 
duly moist, or that they have been subjected to conditions which would 
cause them to be unduly moist, should be taken special care of in the 
drying process. 

Before a high-voltage transformer is put into operation it is made 
subject to a “heat run,” and in the case of a transformer with cooling 
coils, the coils are made subject to a pressure test. These coils must 
be assembled before the heat-run сап be made. If the coils show 
evidence of rough usage, such as heavy indentations and disarrange- 
ment of layers, they should be given the usual tests to determine 
whether a leak has resulted. A test for leaks is to fill the cooling coil 
full of water, establish a pressure of 8o to тоо lbs. per square inch, dis- 
connect the source of pressure, holding the water in the cooling coil by 
means of a valve, and to note whether the pressure gauge between the 
valve and the cooling coil maintains its reading throughout a period of 
about one hour. Care should be taken that no afr is left in the cooling 
coil when filling it with water. In removing the pressure it is 
preferable entirely to disconnect from the cooling coil, in order both 
to make sure that the source of pressure is entirely removed and to 
note whether the lowering of the pressure indicated by the gauge 
connected to the cooling coil is due to leakage through the cooling coil 
valve or to leakage through a hole in the cooling coil. If the gauge 
indicates a lowering of pressure in the cooling coil, and there is no 
evidence of leakage at either end of the coil, it should be inspected 
throughout its length until the hole is discovered. The water will 
gradually form at the hole and begin to drip. After the cooling coil is 
filled with water, a small air-pump may be used for giving the required 
pressure, in case there is not a satisfactory head from the water supply. 
As the test is only to determine whether the cooling coil has a leak in 
it, it will be unnecessary to apply a greater pressure than тоо lbs. per 
square inch. Some engineers prefer to submerge the cooling coil in a 
liquid, under an air pressure of 80 to тоо 165. per square inch for а 
period of about one hour, and note if bubbles rise to the surface. 

Several methods exist for drying out high-voltage transformers, the 
best being as follows :— 

I. Short circuit either the high- or low-voltage windings, and apply 
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suficient current to raise the temperature of the windings to approxi- 
mately 80°C. The amount necessary to obtain this temperature wild 
be between one-third and one-fifth of the full-load current, depending 
onthe room temperature and the design of transformer. The impe- 
dance voltage necessary to give the specified range in current varies 
from o'4 per cent. to 1°5 per cent. of the rated voltage of the winding to 
which the voltage is applied. In any case, the current admitted must 
beso regulated that the temperature of the windings does not exceed 
the 80° С. limit. 

The temperature of the transformer windings may be determined 
by the increase in resistance, or, if facilities for this method are not 
available, the bulb of a spirit thermometer may be placed in direct 
Contact with the low-voltage winding at the top. А low-voltage 
winding is specified for the reason that to place the bulb of the 
thermometer in contact with the high-voltage winding may not give the 
temperature of the coils ; the insulating pieces set around the ends of 
the high-voltage coils being built up on the copper under the tape to 
such a height as to prevent the thermometer recording the temperature 
ofthe copper. The bulb of the thermometer should be placed down 
between the low-voltage coils as far as possible, that is to say, as far as 
the space between the coils will permit, the bulb of some spirit 
thermometers being too large for the space. Mercury thermometers 
Must never be used for this purpose, because of their liability to break. 
The drying process should be carried on while the transformer is out of 
its tank in order to give as good a circulation of air as possible under 
the conditions. Table IV. is considered to represent the safe limits 
for carrying on the drying process, although discretion must be used as 
in the case of unduly moist transformers, or where the kilowatt capacity 
and voltage enters into consideration. That is to say, a transformer of 
44,000 to 70,000 volts, and 200 k.w. and less, can be taken as safe if the 
heat-run period is only carried on for 60 hours instead of 72 hours, or a 
transformer of 22,000 to 33,000 volts, and of 200 k.w. or less, may 
be considered safe if the heat-run period is only carried on for 24 
hours instead of 48 hours, assuming the transformers to be in normal 
condition. € 

It is impossible to give anything but an approximate estimate of the 
number of hours necessary to dry-out a transformer of a given size and 
voltage. Much will depend on the condition of the transformer when 
itis received from the factory, whether in an unduly moist condition 
or dry, 

2. А second method is to dry the transformer and oil simultaneously 
under the effects of heat and vacuum, the transformer being dried inside 
of its tank. The tank is first made vacuum tight (this being, in the 
majority of cases, a difficult task to do, and only accomplished after 
considerable time has elapsed with the vacuum pump under opera- 
tion), by closing the holes indicated by the whistling noise of the 
entering air, The leaks are stopped by using putty, which should be 
fairly stiff in order to keep it from being drawn into the tank. If this 


14 TAYLOR: MODERN HIGH-VOLTAGE POWER [Nov. 9th, 


is done a day or two before the drying process is begun, thus giving 
the putty a chance to harden, it will be found much easier to obtain 
the required vacuum. 

One of the transformer windings is short-circuited as in the first 
method, although the actual temperature in this case is allowed to 
reach 9o? C. instead of 80° C., and the temperature is determined by the 
increase in resistance. The temperature of the oil should be main- 
tained at approximately 80° C. during the drying process. When start- 
ing the heat-run it is found advantageous to bring the temperature up 
quickly, and to do this, full-load current may be applied until the 


TABLE IV. 
Approximate Hours necessary for Drying-out High-vollage Power 
Transformers.* 
EE Er аш 4 акы ус TE 
| Voltage of System. | Hours of Run. Kilowatt Capacity. 
| 
| 22,000 to 33,000 | 30 200 to 500 
» » | 48 5ОО ”» 1,000 
| " Ж бо 1,000 ,, 2,000 
| T » 72 2,000 and above 
| 33,000 to 44,000 52 200 to 500 
» » 64 500 ,, 1,000 
s Е 72 1,000 ,, 2,000 
» s 84 2,000 and above 
44,000 to 66,000 64 200 to 500 
” » 72 500 » 1,000 í 
» м» 84 I,000 3 2,000 
j " 2 2,000 and above 
66,000 to 88,000 4 500 to r,ooo 
» » 96 1,000 ,, 2,000 
” T 118 2,000 and above 
88,000 to 110,000 96 500 to 1,000 
» » 118 1,000 ,, 2,000 
» РА . 130 2,000 and above | 


approximate temperature is reached, after which it should be reduced 
to the specified value. In addition to heating by current a certain 
amount of heat should be applied under the base of the trans- 
former. The most satisfactory method of applying heat to the base is to 
use grid resistances supplied with sufficient current to maintain them 
at full red heat. The grids should be distributed under the base 
so as to make the heating fairly general, and not confined to one 
portion of the surface. In case some other method of heating the base 
is used, extreme care should be taken that the heat does not become 

* These specificd limits of hours refer to the time that the process must be 
carried on after the oil has reached a temperature of 809 C., and after a vacuum 


of 20 іп. has been established, and do not refer to the time necessary to reach the 
800 C. point and 20 in. of vacuum. 
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too intense, otherwise the ой might be injured. Тһе idea of supplying 
heat to the base is to maintain the temperature of the oil throughout 
the transformer structure at a uniform temperature of 80° C. It is 
found that the temperature of the windings reaches go° C. considerably 
in advance of the oil reaching 80° C.; and, for this reason, it is 
necessary either to disconnect the current occasionally or to reduce it 
to a small proportion of full-load current. The base heating should be 
relied upon to maintain the oil at a temperature of 80° C. as long as it 
will, which may be almost constant, provided a sufficient quantity of 
heat is applied. 

When current is not available, steam at a low pressure may 
be used for heating, the steam being admitted through the cooling 
coil. Also, steam may be used for the base heating ; in which case the 
entire bottom surface of the base should be subjected to the heat of the 
steam. Care should be taken in admitting steam through the cooling 
coils that the temperature of the oil does not exceed a prescribed limit. 
This method of applying heat at the base is not recommended, princi- 
pally because the steam condenses on all parts of the transformer tank. 

3. This method of drying transformers requires the circulation of 
heated air through the transformer coils and core while it is in the tank. 
The source of the heated air should be connected to the base valve and 
the top cover of the tank partly removed. The temperature of the air 
inside the tank should be maintained at approximately 80° C., and the 
process should be carried on at this temperature for a period of three 
days for units of moderate size, the same discretion being used as 
mentioned in the first and second methods. The temperature of the 
heated air as it enters the transformer should not exceed 100° C. This 
method of drying transformers is especially adapted to localities where 
no current is available. 

The oil may be dried by the vacuum method mentioned in the second 
method, or by blowing heated air through it, referred to in the third 
method. Where the vacuum method is used, the tank must be filled to 
within a few inches of the top, so that the cover may be kept sufficiently 
warm to prevent condensation. In case the tank without its trans- 
former is used for this purpose, it is sometimes necessary to put - 
temporary bracings inside the tank to prevent collapse under vacuum. 
This does not refer to tanks of the cylindrical form. A 12 hours’ run 
under a temperature of 80° C., with not less than 20 in. of vacuum, 
should be quite sufficient to dry transformer oil. All large installations 
are provided with cylindrical tanks for this purpose. 

An energy meter may be fixed at the bottom of the tank, and 
assuming that the tank in which the oil is being dried will radiate 
approximately 0:25 watt per square inch, the amount of energy 
required to maintain the oil at the specified temperature may quite 
easily be estimated. The electric heater should be about double the 
size estimated so as to shorten the time necessary to reach the 
desired temperature. Whether a steam coil or an electric heater is 
used, it must be placed directly on the bottom of the tank, as it is 
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necessary to maintain a uniform temperature of the oil throughout. 
In case steam is used, its pressure should not be greater than 
10 lbs. 

The same tank may be used for drying oil by means of forced 
circulation of air. In this case it is necessary to run the piping from 
the valve in the base of the transformer above the oil level, and then 
down to the air-pump, the top of the tank having an adjustable open- - 
ing to permit the air to circulate. The oil must be heated to a 
temperature of approximately 100? C., and the process continued until 
the oil becomes dry (as determined by test), which may take from 12 
to 24 hours. 

In the air-blast transformer careful examination should be made 
about once a month to see that the air-circulation ducts are quite free 
from the accumulation of dirt and dust. In the case of oil-cooled 
transformers, samples of the oil should be drawn from the bottom of 
the tank about once a month and tested, and a record kept of its 


TABLE V. 


Oils for High-vollage Transformers. 


Quality (A). Quality (B). 
Flash-point ... 20 185° С. 129° С. 
Fire test © T 210? С. 149° C. 


Viscosity... des IOS seconds for (A) | 39 seconds for (B) 


Breakdown test ... 30,000 volts 40,000 volts 


condition. Where transformers are not used very often or where the 
current has been shut off for some time, the oil in the transformers 
designed for voltages of from 44,000 to 110,000 volts should be kept 
slightly warm, in order to eliminate the chance of the oil becoming 
moist. In fact, it is desirable, for the purpose of preventing con- 
densation on the oil surfaces and other inside transformer surfaces, 
to keep the oil at all times at least 10° C. above the room tempera- 
ture. 

Transformer Oil.—As the subject of treating transformer oil and the 
properties of oils is so broad, and has been treated in a thorough 
manner by other writers, only a few important notes are referred 
to here. 

The most important characteristics of transformer oils which 
interest the operating engineer are summed up in Table V. 

These values аге a standard minimum for o2 in. gap. Quality (A) 
is for oil-cooled, and (B) for water-cooled transformers. 
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At a temperature somewhat below the fire test shown above, the 
oil begins to give off vapours which, as they come from the surface of 
the oil, may be ignited in little flashes or puffs of flame, but the oil 
itself will not support combustion until it has reached the temperature 
of the fire test as above. The lowest temperature at which these 
ignitable vapours are given off is called the flash-point. The difference 
between “flash-point” and “ fire test " varies considerably in different 
oils, and the actual location of the points themselves varies somewhat 
according to the method used in their determination. Both a high 
flash-point and a high fire test are very desirable in insulating oils in 
order that the fire risk attendant on their use may be reduced to a 
minimum. Viscosity and flash-point vary together ; that is to say, an 
oil having a high flash-point, compared with another oil, will probably 
also be high in viscosity. For all transformers that depend entirely 
upon oil for dissipating the heat (as in the oil-filled, self-cooled type) 
a relatively high flash-point is of the utmost importance. 

For oil-filled water-cooled transformers it is customary to use 
another grade of oil than that used in the self-cooled type, the oil 


TABLE V.A. 
Characteristics. Oil (A). Oil (B). 
Flash temperature... B 188°C, 133°C. 
3urning temperature eis 210? C. 1462 С. 
Freezing eee ature $us —10°C, — 16°C, 
Viscosity eds 100 to 105 sec. 40 to 42 sec. 
Specific gr: ity at 15 SC. 0°86 o'850 


Colour of oils ... vds Dark amber Similar to water 


operating at a lower average temperature, consequently a high flash- 
point is not of so much importance. There are several grades of 
mineral oil with flash-points varying from 130? C. used in water-cooled 
transformers. 

The most important characteristics of (A) and (B) transformer oils 
are given in Table V.a. 

Usually oil is received abroad testing less than 30,000 volts per 
072 in., but before it is placed into the transformer it is brought up to a 
test at least 30,000 volts per o'2 in. for transformers designed for ап 
operating voltage of 44,000 volts and under ; not less than a 44,000-volt 
test per 02 іп. is required for oil used in transformers operating above 
44,000 volts. 

The curve Fig. 6 shows very clearly the serious effects of water in 
amounts less than оо1о per cent. It is shown that the water present 
must not exceed o'oor per cent. in order to obtain a dielectric strength 
of 40,000 volts in the standard test (o'2 in. between o'5 in. discs). 
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Blotting filter paper is now used to a great extent in drying oil and 
in cleaning oil for high-voltage transformers. The paper used should 
not come in contact with the handsand should be dried at least twenty- 
four hours at not over 85° C. and then saturated with dry oil the instant 
it is removed from the oven and before it has cooled. As the paper is 
weakened by drying and by saturating with oil, especially hot oil, it 
must be carefully handled. 

Comparison of Shell- and Core-type Transformers.—Transformers of 
any type should not be selected at random, but only after careful 
investigation of their design, reliability, and simplicity for repair. 

When we compare the shell type shown in Fig. 7 with the core type 
from the standpoint of operation, we find that there are several 
advantages in favour of the shell type. 

In general the shell-type transformer is a difficult piece of apparatus 
to repair in case of breakdown, though not so difficult as it is often 


Fic. 7.—Single-phase Shell-type Transformer. 


made out to be. The difficulty increases in almost direct proportion 
to the increased kilowatt capacity, and in the largest sizes it becomes 
advisable to send for a transformer man from the factory to do repairs. 
This disadvantage has bcen, and is to-day, considered the only cause 
of a number of power companies operating their lines iat high voltages 
choosing the core-type transformer.: 

An experienced transmission engineer never fails to realise the 
severe conditions to which transformers are subjected in practice, 
and, especially for high-voltage transmission lines, seldom fails to go 
thoroughly into the factor of insulation, which to him means con- 
tinuity and uninterrupted service. It is well known that the insulation 
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of a high-voltage transformer is subject to severe potential stresses, 
some of which are :— 


(a) Sudden increase in generator voltage. 

(b) Sudden increase in line voltage from local causes. 

(c) Direct and indirect lightning discharges. 

(d) Ground on one of the lines—depending on the connection. 
(e) Internal or external arcing grounds. 

(f) Line surges, etc. 


Nothing but the very best insulation will satisfactorily withstand these 
stresses. 

Reliable data taken from a number of electric power companies 
operating long-distance transmission lines show that the shell-type 
transformer has been more reliable than the core type for high-voltage 
service. 

Some people think that once a transformer has been put into suc- 
cessful operation it will continue to operate satisfactorily for an indefi- 
nite time without any attention. This is a wrong idea. Transformers 
require attention, and must be given attention, or else they will not 
give good service. 

A modification of the insulation on the end turns of core-type trans- 
formers has, however, given them a better standing, and they can now 
be depended on equally as well as the shell-type transformer. 

Some of the most important advantages and disadvantages of these 
two general types may be summed up as follows :— 


Advantages in favour of the Shell Type. 


I. Greater radiating surface of coils and core resulting in a lower 
temperature in all parts of the transformer. This point has 
an important bearing on the insulation—the life of the trans- 
former depending on the strength of the insulation of the 
hottest part. 

2. Interlacing of coils, resulting in lower reactance voltages, hence 
closer regulation. 

3. Mechanically stronger and more able to withstand the electro- 
magnetic stresses. As the electro-magnetic stresses are pro- 
portional to the square of the current, a short circuit of many 
times the normal full-load current will produce abnormal 
strains in the transformer. 

4. Satisfactory series-parallel operation, this often being neces- 
sary on large transmission systems. 


Advantage in favour of the Core Type. 


Easier to repair. 


Disadvantage of the Shell Type. 
Difficult to remove a coil. 
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Disadvantages of the Core Type. 


1. With low-voltage winding designed for 22,000 volts and above, 
the amount of insulation next to the core means a larger 
mean turn of winding, the temperature and the FPR loss being 
increased thereby. 

2. Radiating surface on the low-voltage winding very poor, result- 
ing in higher temperatures. It is a disadvantage if, sav, 
9o per cent. of the transformer operates at a temperaturc 
of 50° C. and the remaining ro per cent. at 80° C., as this 
point is the wcakest link in the insulation. 

3. The concentric arrangement of coils results in poorer regula- 
tion and higher reactance voltages. 

4. Less mechanical bracing because of its deeign and form. 

5. Not possible to operate a 3-phase (delta-delta) transformer 
in case one winding becomes damaged. 


The terms “shell” and “ соге”, mentioned will convey to the mind 
a definite conception of the construction. Some of the designs of the 
low-voltage transformers are so overlapped that what one manu- 
facturer calls a shell type another manufacturer of a similar design 
calls a core type. The types referred to in this paper are of the 
rectangular shell and circular core construction only. 

Operation of Transformers.—For several years past the corona 
discharges occurring in high-voltage transformers when connected to 
transmission lines have been studied, and numerous experiments have 
been made to avoid them. As the voltage increases this difficulty 
increases, and with such factors as the great length of high-voltage 
winding and small diameter of conductor in these windings, the matter 
is looked upon with much interest by transmission engineers. 

The efficiency of a transformer is usually considered its most 
important feature by the majority of station engineers and managers 
operating local distribution systems. By transmission engineers this 
feature is not considered to be the most important, but rather 
the insulation of the transformer, and consequently its reliability. 
Unquestionably the efficiency of a transformer is an important feature 
and should not be neglected, but it cannot be considered as the most 
important feature of a large high-voltage transformer. The author 
believes the right order of importance to be :— 


I. Reliability, or ability to supply continuous and uninterrupted 
service. 

2. Safety, or a condition conforming with safety to life and 
property. 

3. Efficiency. 


Many breakdowns of large power transformers have been recorded 
resulting from the stoppage of the cooling medium, all of which could 
have been saved if proper care had been shown. Hourly temperature 
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readings are the best indications of anything wrong in this direction. 
As is well known, high-voltage transformers designed to operate with 
some form of cooling supply cannot run continuously, even at no load, 
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Fic. 8.—Result of Cutting off Water Supply of а 500-22,500-volt 
25-cycle Transformer. 


without the cooling medium, since the iron loss alone cannot be taken 
care of by natural cooling. In case the circulation has been stopped 
by any cause, the transformer may be operated until the coils at the 
top of the transformer, in case of an air blast, or until the oil, in case 
of a water-cooled transformer, reaches an actual temperature of 8o? C. 


VoL. 48. 


6 
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This temperature limit, under ordinary conditions, will permit the trans- 
former to continue delivering power for about three hours ; a very close 
watch must be kept of the tempcrature, and the transformer must be 
taken out of service as soon as it reaches this limit. 

Fig. 8 may be referred to in illustration of this. 

The outfit shown іп Fig. о has been the means of saving many trans- 
formers from burning-out. The water relay or balance is actuated bya 
volume of water in such a manner that if the water slacked off or 


TABLE VI. 


Modern High-voltage Power Transformers operating above 62,000 Volts. 


Systems. Шегі ue кта шш 
Stanislaus Power Compan | 3,750 | 138,500 Star 
pany. же 2,233 | 104,000| Star I 
10,000 | 110,000 Delta 3 
Great Western Power Company | 5,000 | 90,000 Delta 1 
Grand Rapids Michigan Power 
Company “| 3,750 | 110,000| Delta 3 
Hydro-Electric Commission aise 1,250 | 110,000 Delta I 
Great Falls Power Company  ... 1,200 | 102,000| Delta I 
Central Colorado Power Company 3,330 | 100,000 Delta I 
Southern Power Company FER 3,000 | 100,000 Delta I 
eres Light and Power и. 6,000 | 85,000 Star i 
Telluride Power Company «ек 1,500 | 80,000 Star I 
Edison Electric Company (Los 
Angeles)... h М 1,660 | 75,000 Star I 
Pennsylvania Power Company 10,000 | 70,000 Star 3 
Missouri River Power Company al 70,000 Star I 
2. Wisconsin Power exu 70,000 Delta í 
Connecticut. River Power bos E 66,000 Star 3 
High Falls Development. ii 1,100 | 66,000 Star I 
Canadian Niagara Falls Power 
Company 52) “| 1,250 | 62,500 Star I 


ceased to flow, it would light the lamp. The bell alarm is so 
arranged that it will operate as soon as the temperature of the trans- 
former, as indicated by the thermometer, reaches a certain limit. 

In the operation of transformers the delta connection has an 
advantage. With one grounded conductor the service need not be 
interrupted, except perhaps if the ground is an arcing one, which 
might set up continuous high frequency surges, producing high-voltage 
stresses on the transformers in circuit. Comparisons of different 
systems are shown in Table VI., which are representative of practically 
all the most modern high-voltage transformer installations in the 


* This refers to the type of transformer whether single-phase or 3-phase. 
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world. There are one or two of equal importance under construction, 
but as these have not yet demonstrated themselves in practical 
operation, they have been omitted from the list. 

Single-Phase versus 3-Phase.—As the art of transformer design and 
manufacture improves, the 3-phase transformer will be as extensively 
and universally used as the single-phase transformer for high voltages, 
. its only disadvantage being in the case of failure and interruption of 
service for repairs; but this will be off-set by other important factors 
since breakdowns will be of very rare occurrence. 

From the standpoint of the operating engineer (neglecting all losses) 
the single-phase transformer is at the present time preferable where 
only one group of transformers is installed and the expense of a spare 
transformer would not be warranted as in the delta-delta connected 


агтотебег 


Fic. 9.—Water, Thermometer, апа Bell Danger Indicator for 
High-voltage Transformers. 


system. If one of the three transformers should become damaged it 
can be cut-out with a minimum amount of trouble, and the other two 
can be operated at normal temperature on open-delta at approximately 
58 per cent. of the total capacity of the three. With a 3-phase trans- 
former a damaged phase would cause considerable inconvenience, for 
the reason that the whole transformer would have to be disconnected 
from the system before repairs of any kind could be made. 

In the absence of any approved device or apparatus to be relied 
upon to take care of high-voltage line disturbances such as occur on 
long-distance transmission lines, the whole burden is thrown on the 
insulation of the one important link of the system—the transformer. 
The 3-phase transformer is slightly handicapped, since a breakdown 
would entirely interrupt the service until a spare transformer was 
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installed or the faulty one temporarily arranged, with its faulty winding 
short-circuited, in the case of a shell type. The engineer who has 
the responsibility of operating high-voltage systems has not yet taken 
very favourably to the 3-phase transformer for this very reason and 
for no other reason, his main object being reliability of service and 
not the first cost or saving of floor space, and he has yet to be shown 
why reliability of service conditions should be sacrificed to gain 
that end and a slight increase in efficiency when the only important, 
or rather the most important, factor at stake is continuity of supply. 
Yet even to gain this end efficiency must not be neglected. 

Many engincers who operate moderate-sized systems fail to see 
the all-important factor mentioned above, possibly because they 
are too taken up with such factors as decrease in cost, increase in 
efficiency, decreased weight, less floor space, decreased installation 
cost, and less freight cost. These, of course, are excellent points to 
bear in mind when investing in transformers, but the question often 
arises : Do they always outweigh reliability, flexibility, and simplicity 
of repair ? 

It has for many ycars been fully appreciated by European and 
American engineers that, apart from the decrease in manufacturing 
cost with increase in size of units, the 3-phase transformer possesses 
the advantage of requiring less material, and is more efficient than any 
other single-phase combination of transformers of the same kilowatt 


capacity ; the relative differences in thc losses and weight being 
approximately :— 


Three single-phase transformers weigh 17 per cent. more than 
one 3-phase transformer. 

Three single-phase transformers have 17 per cent. more losses 
than one 3-phase transformer. 

Open-delia.—Two single-phase transformers weigh the same as 
three single-phase transformers for the same delivered 
energy in kilowatts. 

Two single-phase transformers have the same losses as three 
single-phase transformers. 

“Т” Tee.—T wo single-phase transformérs have a sum total weight 

of 5 per cent. less than three single-phase transformers. 

Two single-phase transformers have a sum total weight of 5 per 
cent. less than two single-phase transformers connected in 
open-delta. 

Two single-phase transformers have 5 per cent. less losses than 
three single-phase transformers. 

Two single-phase transformers have 5 per cent. less losses than 
two single-phase transformers connected in open-delta. 

“Т” 3-transformer.—Three single-phase transformers weigh the 
same as those for a delta or star system, or 17 per cent. 


more than one 3-phase transformer—the losses being the 
same. 
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Three single-phase transformers weigh 5 per cent. more than 
two single-phase transformers for the “Т” (2-transformer) 
system—the losses being the same. 

Three single-phase transformers weigh the same as two single- 
phase transformers for the open-delta system for the same 
delivered energy in kilowatts. 


Where a large number of 3-phase transformers is installed in one 
building, say, three groups or more, there is unquestionably a great 
saving over any combination of single-phase transformers, and the 
possibility of using two sets out of the three, or three sets out of the 
four, and so on, offsets that all-important drawback—reliability—and 
places the 3-phase transformer on almost an equal footing in this 
respect with the tbree single-phase transformer combination. The 
building is thereby reduced by a considerable amount, less high and 
low-voltage transformer terminal insulator bushings, compartment 
insulator bushings, and busbar high and low-voltage insulators are 
required, besides simplifying the wiring lay-out in the station. 

To fulfil the requirements of a 3-phase transformer using a combina- 
tion of single-phase transformers it is necessary to use :— 


Basis : One 3-phase transformer of 100 per cent. kilowatt capacity. 


Delta Connection. 
Three of 33°3 per cent. each, or total roo per cent. kilowatt 
capacity. 
Star Connection. 
Three of 33°3 per cent. each, or total тоо per cent. kilowatt 
capacity. 
Open-delta Connection. 
Two of 57°7 per cent. each, ог total 115°5 per cent. kilowatt 
capacity. 
“Т” (2-transformer) Connection. 
One of 57% per cent. kilowatt and one of 50 per cent. kilowatt, 
or total 107°8 per cent. kilowatt capacity. 
“Т” (3-transformer) Connection. 
Three of 33:3 per cent. each, ог total тоо per cent. kilowatt 
capacity. 


From this we see that the three best combinations are delta, star, 
and the 3-transformer “Т” connections. With the delta and the “Т” 
(3-transformer) systems a spare transformer is not warranted, and in 
the case of a breakdown of one unit the minimum amount of time 
is lost in cutting it out of service. With the open-delta and “Т” 
2-transformer) systems, the loss of any unit stops the system from 
operating 3-phase current. A further advantage of the 3-transformer 
methods—delta, star, and “Т” (3-transformer)—is, a spare unit costs 
less than one for either the open-delta or the “Т” (2-transformer) 
methods, 
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Connections of Transformers.—In the connection of power trans- 
formers for high-voltage transmission systems there is a choice between 
two methods for the 3-phase system, namely, delta and star (see 
Fig. 10). 


Where— 


x = y 4/3, or 100 per cent., 
and— 


y= NE or nearly 57% per cent. of full voltage between lines in 
case of the star connection. 


The delta connection, where x — 100 per cent., the voltage is that 
shown between lines. 

For 2-phase 3-phase, there is a choice between two methods, namely, 
3-transformer “Т” and 2-transformer “Т” (see Fig. тт). 


Where— 
y= Мз == 86:6 per cent. of the voltage between transformer ter- 
minals a, b, c. 
х== у 2 = 100 рег cent., or full voltage between transformer 


/3 terminals а, b, c. 


г == Full terminal voltage a’ b'c' corresponding to a ratio of 
І“0-1715 of a, b, c values. 


The relative advantages of the delta-delta and delta-star systems are 
still disputed, and are open to discussion. Assuming no unusual phe- 
nomena, but simple regular operative conditions or ordinary breakdown 
of a unit or phase winding, the two principal advantages claimed for 
the two are respectively :— 


Delta-delta (Non-grounded).—When опе phase is cut out the 
remaining two phases can be made to deliver approximately 
58 per cent. of the full load rating of transformer (in case of 
a 3-phase shell type) or transformers. 

Delta-star (Neutral grounded).—Advantage of reducing the cost 
of high-voltage line insulators for equal line voltage, which is 
a very large item when dealing with long-distance high- 
voltage transmission systems, as their size need be only 
57 per cent. of those used on a line with шара соп- 
nected in delta. 

It is possible, under such conditions, to КӨРЕ and deliver 

3-phase current when either one phase or one line conductor 
15 cut out. 

Delta-delta Disadvantage.—Larger transformer or transformers 
and larger line insulators for the same line voltage. 

Della-star Disadvantage.—Not always in a position to operate 
when either one phase or one line conductor is cut out. 
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The question now arises—Which is the more economical system of 
connections to use? From the point of view of first cost, the delta- 
star is unquestionably the better, but from the other point of view, which 
is again of importance to the operating engipeer—how will the first 
cost outweigh the disadvantage of operation as compared with the 
delta-delta? The difference will be largely governed by local con- 
ditions, and no definite system of connections can be given to suit 
all cases. 


4-- 
» 


Fic. IO. 


Assuming that the system of connections has been finally settled, 
the next problem, especially on large systems where a number of power 
companies have been consolidated, is that of parallel operation. In 
order to tie in a large number of local existing plants consisting of 
gas, steam, and water-driven generators, etc., with 2- and 3-phase 
distribution services, special care and thought are required in 
laying out the right scheme of connections. One is met with a 
2-phase 3- and 4-wire city distribution and several other kinds of 


" 
zm 
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systems of odd voltages and frequencies which must be incorporated 
with the main high-voltage transmission lines through transformers 
and probably frequency changers, all of which require special know- 
ledge on the part of those whose duty it is to operate them. 
Consolidated systems of this kind generally have to contend with 
parallel operation of local power plants, this sometimes being done 
directly from the high-voltage side or line side of power transformers 
for voltages as high as 66,000 volts, by the application of potential 
transformers. Only a small number use this method of synchronising 
their auxiliary stations. Sometimes it is found necessary to tie-in a 
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distant hydro-electric plant of no larger size than 1,500 k.w. to a trans- 
mission system already carrying 45,000 k.w. and fully loaded at each 
generating station. A false move on the part of the operator in 
paralleling might very easily throw the entire system out. 

It is also found advantageous on some occasions to parallel both the 
high- and low-voltage windings of power transformers ; but to do this, 


(C) (D) 


Fic. 12.—Three-phase Transformer Connections. 


it is necessary to know the connections and voltages of the diffcrent 
transformer groups. With the delta and star systems, it is only possible 
to parallel six combinalions out of the ten combinations so generally 
used. Of these six combinations the transformers to be paralleled must 
have equal impedance and equal ratio of resistance to impedance. 
With equal impedance the current in each unit will be in proportion to 


1911. ] TRANSFORMERS IN PRACTICE. 89 


the rated capacity in kilowatts, although the sum of the currents may 
be greater than the current in the line. If, on the other hand, the 
impedances of the units are unequal, the current in each unit will be 
inversely proportional to its impedance ; that is to say, if one unit has 
I per cent. impedance and the other 2 per cent. impedance, the first 
unit will take twice as large a percentage of its rated capacity as the 
second unit ; the sum of the currents in the two units may or may 
not be equal to the line current. With equal ratios of resistance to 


Series 
Primary Relay. 


Disconnecting Switches. 


ы 
| 110,000 Volt Bus-bars. | 


~Disconnecting Switches- 
ES Switches. 
Series Primary 
— Relays. ~ 
Disconnectin 


> Switches 9 ——- 


Power 
Transformers. 


Oil Swibch. 


Disconnecting 
Switch. 


Bus-bars. 


FIG. 13.—110,000 volt Transformer Protection. 


reactance the current in each unit will be in phase with the current in 
the line, also the sum of the currents will be the same as the line 
current. With unequal ratios of resistance to reactance the current in 
each unit will not be in phase with the current in the line, therefore the 
sum of the currents will be greater than the line current. If, however, 
the impedances of the units are equal, both will carry the same 
percentage of full load current ; and if, in addition, the ratio of re- 
sistance to reactance is the same in both cases, the current in the two 
units will be in phase with each other, and their numerical sum will 
equal the load current—thus we have a perfect parallel operation. 
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So far as the connections of a 3-phase or three single-phase 
transformers for delta or star are concerned, any of the combinations 
shown in Fig. 12 may be used as will be found convenient for any 
particular condition of station wiring lay-out. Whichever scheme of 
connections is decided upon it will be always found advisable to keep 
to that scheme throughout the system, otherwise complications might 
result. This is particularly applicable on some of the larger systems 
of 100 megawatts and over, where networks of high-voltage transmis- 
sion lines and sub-stations are numerous. 
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Broadly speaking, large power transformers operating high-voltage 
transmission lines should be protected against excessive currents, and 
also against excessive voltage above normal. Some protective appa- 
ratus or device should be used even if it is only an overload device. 
Protection should be made against external and internal short circuits, 
such that the transformer will be disconnected in case of an internal 
short circuit, and that section of the transformer system relieved from 
any external short circuit. For external short circuits the external 
reactance is being favourably considered in limiting the flow of 
current. 

Some of the protection schemes used at the present time are shown 


1911.] TRANSFORMERS IN PRACTICE. 91 


in Figs. 13, 14, and 15. To those familiar with the practical operation 
of high-voltage systems it will be quite clear that to get absolute pro- 
tection of a system of transformers from internal and external causes 
is difficult, and in some cases impossible. 

In the case of a star-delta connected system—star-connected on 
the high-voltage side—it might be of considerable advantage to add 
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resistance to the ground line of the neutral-point to reduce the rush of 
current in case of an external short circuit. 

As steel towers are mostly used for high-voltage transmission, 
grounds are more common than with wooden poles. Such grounds 
either at the pole or directly in contact with the ground constitute 
a short circuit, and the easiest way to reduce the severity of a 
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short circuit 15 to add resistance in series with the ground circuit of the 
transformers. With a short circuit on the secondary of a transformer 
practically no magnetic flux flows through the secondary winding ; and 
if the power system is sufficiently large to maintain constant voltage 
atthe primary terminals of the transformer at short circuit, full mag- 
netic flux flows through the primary winding; if the terminal voltage 
decreases at short circuit on the transformer secondaries, the magnetic 
flux passing through the transformer primaries decreases in the same 
proportion, and the mechanical forces in the transformer decrease with 
the square of the primary voltage. 

Quite a number of systems have distant sub.stations with only two 
groups of transformers, both groups being operated in parallel at all 
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Fic. 16.—Uncommon Parallel Operation of Transformers. 


times. Assuming the transformers to be connected in delta-delta and 
one transformer of one of the groups becomes damaged it might 
mean, if the load is great,'that the other two of the same group have to 
be cut-out of service. Under ordinary conditions it is possible to 
operate three single-phase transformers connected in delta-delta with 
two single-phase transformers connected open-delta. It is also 
possible to operate the combination shown in Fig. 16, (A) with (B) of 
same figure. 

Such transformer combinations as shown in Figs. 17 and 18 might 
be used for open-delta and star connections, respectively. Because of 
the possibility of crossing connections and having certain transformer 
windings wound in different directions, it is always advisable to keep to 
one kind of connection throughout the system, thus avoiding any 
complications. 
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Three-phase 2-phase-—The more we centralise electric power 
systems the more we shall require this method of distribution, 
which will come about through the transformation from 3-phase 
high-voltage transmission lines, this being at the present time 
the only system employed and recommended for long-distance trans- 
missions—direct current not being applicable in such cases because 
of its expense in conversion and transformation, etc. Already several 
installations of this kind have been made and are operating satisfactorily 
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Fic. 17.—Open Delta Transformer Combinations. 


at voltages as high as 60,000 volts, and there is every rcason to believe 
the practice will hecome more general in the near future. 

In the arrangement of the 2-transformer method of 2 to 
3-phase transformation there are two independent magnetic circuits, 
and on the 2-phase or secondary side two windings with N turns 
each (Fig. то). With the ratio of 1 to 1 the winding (В) has л turns; 


the winding (A) having л’ or "s turns. 
3 


Transformers are usually built with 50 per cent. and 86% per cent. 
taps, and are thus interchangeable. When transforming from 
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3-phase to 2-phase proper interlacing of the primary windings should 
be made to eliminate leakage flux and improve the regulation. 
Serious unbalancing is sometimes due to excessive leakage flux 
caused by different power-factor currents circulating in the two halves 
of (A) winding (Fig. 19). Currents of different phase relation flow in 
the two halves of (A). In one, one-half the current is leading by 30° 
and in the other half lagging by the same amount, which, of course, 
results in different regulation in the two parts. If the currents I’ and 
I" are equal and in time-phase—that is, both flowing simultaneously 
towards or away from the point 0—the resultant M.M.F. will be zero. 
If the currents are equal but opposite in time-phase, the M.M.F. in 
ampere-turns will Бел I”. In the former case, the two currents taken 
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Fic. 18.—Star Transformer Combinations. 


together represent no power, whereas in the latter the power is 
I" E' cos 9. 

The voltage across one transformer winding is only 86% per cent. 
of that across the other, so that one has a kilowatt capacity of EI 
cos ф, and the other a rating of EI cos ¢ 0:867 ; the total rating being 
about 8 per cent. larger than the combined rating of three single-phase 
transformers connected in delta, star or “Т” (3-transformer), and 
about 777 per cent. smaller than two single-phase transformers 
connected in open-delta. 

It is well recognised that any combination of the 2-transformer 
method requiring a change from 3-phase to 2-phase, or from 2-phase 
to 3-phase, is made at the expense of regulation as well as involving 
а loss in efficiency. And, if the connection is used to step-up from 
2- to 3-phase, similar connections should be arranged for stepping- 
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down at the receiving-end ; in this way the possibility of cross-currents 
or asymmetry will be greatly avoided. 

To reduce the effects of unbalancing of the 2-transformer system, it 
has been found necessary to :— 


(а) Properly interlace the transformer windings on the low- 
voltage side if stepping-up, and high-voltage winding if- 
stepping-down. 

(6) Connect in multiple the two halves of windings, or use four 
instead of two transformers. 

(c) Use three single-phase transformers. 


Also, the question often arises whether to ground the neutral-point 
X, shown in Fig. 19, or leave it ungrounded. The advantage of 
grounding the neutral-point is the same as found in the star system— 


FIG. 19.—"T” 2-transformer Method. 


1.¢., a ground on one transmission line wire short circuits that phase and 
causes a complete shut-down ; but when operating without the neutral 
grounded on the transmission-line side, the stress on the transformer 
insulation might be equal to full-line voltage. : Of course, with grounded - 
neutral and usual conditions of operation, the maximum insulation 
strain will only be 58 per cent. of full-line voltage. In general, the 
neutral-point of transformers is not grounded on the transmission-line 
side because of this danger. 

Three-transformer Method “ T."—Within the author's knowledge this 
system has never been described before any society or institution, and 
it seems to possess such good merits over the old method of transforma- 
tion that a mention of it in a paper of this kind may lead to valuable 


96 TAYLOR: MODERN HIGH VOLTAGE POWER [Nov. 9th, 


suggestions. It is used in various parts of America and for voltages as 
high as 33,000. 

Continuity of service is now one of the main factors to be aimed at, 
and the 3-transformer method shown in Fig.20 is in some respects 
a superior system to the 2-transformer method. If one of the trans- 

formers in the 3-transformer system should become damaged, 
making it inoperative, the two remaining transformers may be, in a 
very short space of time, temporarily connected in open-delta and 
service continued until the other is repaired, thus avoiding the necessity 


Fic. 20.—“ T ” 3-transformer Method. 


of carrying a spare transformer in stock. And if a transformer is kept 
in stock its kilowatt rating need only be approximately 67 per cent. as 
great as a spare transformer for the 2-transformer system. 

This system was only applied to practical city distribution a 
short time ago, and it is surprising what great strides have been 
made. It also claims the advantage of supplying both 3-phase and 
2-phase currents to a secondary distribution of four wires, this being 
a special advantage in cities where there already exist two or more 
electric power companies operating both 2- and 3-phase systems, as no 
transformers are required for connecting either a 3-phase or a 2-phase 
motor. 
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The four combinations of 3-phase transformation shown in Fig. 21, 
(a), (b), (c), and (d), represent a few connections for 3-phase 2-phase 
systems using three transformers. The only one used for regular dis- 
tribution of power and light is (a) ; the methods (b), (c) and (d) are only 
used for special purposes, such as for obtaining a certain voltage and 
phase relation for a given service. 


Fic. 21.—Three-transformer Methods. 


From the point of view of reliability of operation the 3-transformer 


system has far greater advantages than the 2-transformer system, chief 
among which are :— 


I. Larger factor of safety for continuity of service. 

2. With one transformer disabled the system can still be 
operated. 

. A spare transformer need not necessarily be kept as a spare. 

. A spare transformer need only have a rating of about 67 per 
cent. of that of a spare transformer for the 2-transformer 
system. 

. Symmetrical 2-phase and 3-phase voltages obtainable from the 
same winding. 

. Improved regulation and efficiency. 

. Better balancing of voltages under load. 

. For the same total kilowatt rating, only a ratio of 100 to 108 
in favour of the 3-transformer system is required. 
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Its disadvantages from the standpoint of first cost and available 
connections for apparatus are :— 


1. The first cost is higher. 

2. It is not possible to operate interconnected motors and 
gencrators on the 2-phase secondary system. 

3. Greater floor space and wiring are required. 


Conclusion.—It is feared by some transmission engineers that the 
high-voltage transformer will again become the limiting feature of 
high-voltage transmission because of the internal effect due to corona. 
This effect so far has not been very noticeable, but as line voltages are 


increased above present-day practice (110,000 volts) certain effects due 
VoL. 48. 
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to this discharge may arise which may radically change the present 
methods of design in high-voltage transformers. Some little fear is 
also attributed to certain conditions of electrostatic. capacity and 
inductance in long lines with transformers at different points, for with 
transformers having a length of over 10 miles of wire connected 
across the line a certain operation of switches, atmospheric conditions, 
arcing “grounds,” switching heavy loads, etc., may produce very 
strange and sometimes dangerous phenomena. 

The present high-voltage power transformer is unquestionably the 
most efficient piece of electrical apparatus connected with an electric 
system. There is no single piece of electrical apparatus built which 
holds so important a part on transmission systems as this, and no piece 
of apparatus more dangerous to life and property should certain break- 
downs occur. Even transformers switched upon an open line of great 
length, and afterwards switching the transformers at the end of the 
“live” line, have caused peculiar phenomena, and sometimes break- 
downs of transformer insulation. This is the main reason why, when- 
ever possible, transmission engineers recommend switching-in first the 
transformers at the far end of the line and afterwards the transformers 
at the generating station. 

Of late, engineers have been devoting their time to power limiting 
devices for large power transmission systems. With the large systems 
now being operated, consisting of 100 to 150 megawatts in generator 
and transformer capacity, hundreds of miles of transmission lines 
supplying thousands of customers of all classes, maintenance of a very 
high degree of reliability is the principal problem of the engineer. The 
question now before us is that of limiting the amount of energy which 
can flow during a fault or short circuit, and the only real practical solution 
applied so far is by the use of reactances, which, as we all know from 
more or less past prejudice, is the enemy to voltage regulation. The 
disastrous results of a short circuit on large power systems make it in 
some cases impossible to operate switches as the current and power 
behind аге so great. Take, for instance, а system operating at тоо mega- 
watts when a momentary short circuit occurs on the transmission line 
drawing, say, twenty times the full load current ; it is obvious that, with 
good regulation of prime mover, generator, and transformer, the 
maximum current which could momentarily appear would be in the 
neighbourhood of 2,000,000 k.w. 

Many power companies when ordering large power transformers 
expect the manufacturer to specify the minimum regulation. The 
tendency at the present time with the larger power systems is to 
allow for a greater margin of regulation by installing separate re- 
actance in the line when transformers have low inherent reactance. 
The advantage of this is quite apparent when we consider a 
system of transformers connected to a set of busbars having a total 
generator capacity far in excess of the transformers. A minimum 
value of r'5 to 35 per cent. regulation might, in the case of a short 
circuit on the secondary side of one of the transformers, cause sufficient 
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current to flow and to produce such electromagnetic stresses as to 
bend the iron and coils out of shape and destroy the transformer. 
The experience of recent years seems to point out that the larger we 
build our stations, machinery, and apparatus, the better results we get. 
Not very long ago the economical limit placed on the size of a station 
was in the neighbourhood of 20,000 k.w., but to-day there are stations 
equipped with machinery and apparatus of practically 200,000 k.w. 
Transformers of 10,000-k.w. capacity are more economical than units 
of 5,000 k.w., and a system using ten 10,000-k.w. transformers is more 
economical than another using twenty 5,000-k.w. transformers. 


APPENDIX I. 


GENERAL SPECIFICATIONS FOR A 70,000-VOLT 25-CYCLE “СОКЕ-ТҮРЕ” 
OIL-COOLED SINGLE-PHASE TRANSFORMER. 


Core.—The cores to be built up with laminated iron sheets of high 
permeability, low hysteretic loss, and not subject to appreciable mag- 
netic deterioration. The sheets to be carefully annealed and insulated 
from each other in order to reduce eddy current losses. 

Windings.—The primary and secondary windings to be thoroughly 
insulated from each other and from the core and frame, and to stand a 
potential much greater than the rated voltage of the transformer. 

Oil.—Each transformer to have sufficient oil to cover the core and 
winding when placed in the tank. The oil to be specially treated and 
refined in order to secure good insulating qualities and a high flashing- 
point. 

Terminals and Connections. —The primary and secondary leads to 
be carefully insulated and taken from the tank through porcelain 
bushings, which shall have sufficient surface to prevent perceptible 
leakage to the frame of the transformer. 

Performance.—After a run of twenty-four hours at rated load, voltage, 
and frequency the rise in temperature of any part of the transformer as 
measured by thermometer, and of the coils as measured by the increase 
in resistance, not to exceed 45? C., provided the temperature of the 
surrounding air is not greater than 25? C. and the conditions of ventila- 
tion are normal. If the temperature of the surrounding air differs from 
25? C. the observed rise in temperature should be corrected by о" per 
cent. for each degree. 

Insulation between the primary winding and the core, and between 
the primary and secondary windings, to stand a test of 140,000 volts 
alternating current for one minute, and between the secondary winding 
and the core a test of 10,000 volts alternating current for the same 
length of time. 

The transformer to carry an overload of 50 per cent. for two hours 
without undue heating of any of the parts. 
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GENERAL SPECIFICATIONS FOR А RECTANGULAR “ SHELL-TYPE” 
WATER-COOLED OIL-FILLED 70,000-VOLT 25-CYCLE SINGLE-PHASE 
TRANSFORMER. 


General Construction.—Each transformer to consist of а set of flat 
primary and secondary coils, placed vertically and surrounded by a 
built-up steel core, the coils being spaced so as to admit of the free 
circulation of oil betwcen them, which acts not only as an insulator but 
as a cooling medium by conveying the heat from the interior portions 
of the transformer to the tank by natural circulation. 

'The transformer to be enclosed in a boiler-iron tank, the base and 
cover being of cast iron. The tank to be secured to the base witha 
joint made oil-tight by heavy riveting and caulking. 

A coil of pipe for water circulation to be placed in the oil in the 
upper part of the tank over the cover and surrounding the ends of the 
windings, the combined surfacé of the coil and tank being sufficient to 
dissipate the heat generated and thus maintain the oil and all parts of 
the transformer at a low temperature. 

Corc.—The core to be built up of steel laminations of high perme- 
ability and low hysteresis loss. The laminations also to be carefully 
annealed and insulated from each other to reduce eddy-current losses. 

Windings.—The primary and secondary windings to be subdivided 
into several coils, each built up of flat conductors, wound with one 
turn per layer so as to form thin, high coils which will present a large 
radiating surface to the coil. The conductors to be cemented together 
with a special insulating compound, after which an exterior insulating 
wrapping to be applied and separately treated with an insulating 
varnish, making a very durable insulation. 

A solid insulating diaphragm to be placed between adjacent 
primary and secondary coils, and to be rigidily held in position by 
spacing channels covering the edges of the coils. 

The assembled coils, except at the ends, to be completely enclosed 
by sheets of solid insulation, which will interpose a substantial barrier 
at all points between the winding and the core. 

Oil.—Each transformer to have sufficient oil completely to immerse 
the core, windings, and cooling coil. In order to secure the best 
insulating qualities and a high flashing-point, the oil to be specially 
refined and treated and tested for this use. 

A valve for drawing off the oil to be located in the base of the tank. 

Waler-cooling Coil.—To consist of heavy wrought-iron lap-welded 
pipe with electrically welded joints, and to stand a test of at least 
1,000 lbs. pressure per square inch. 

The duty of the cooling coil is to absorb that portion of the heat that 
cannot be dissipated by natural radiation from the tank, which will be 
made to fit the transformer closely, and thus minimise the amount of 
oil and floor space. 

Lcads.—The primary and secondary leads to be brought out through 
the cover, and to consist of heavy insulated cables brought through 
porcelain bushings of ample surface and thickness. 
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Performance.—After a run of 24 hours at rated load, frequency, 
and voltage, the rise in temperature of any part of the transformer, as 
measured by thermometer, and the rise in temperature of the coils, as 
measured by the increase in resistance, not to exceed 40° C., provided 
the temperature of the circulating water is not greater than 25° C., and 
that the supply of water is normal. If the temperature of the water 
differs from 25? C., the observed rise in temperature should be corrected 
by о5 per cent. for each degree. 

The insulation between the primary coils and the core, and between 
the primary and secondary coils, to stand a test of 140,000 volts alter- 
nating current for 1 minute, and between the secondary coils and the 
core a test of double the normal voltage for the same length of time. 

The transformer to carry an overload of 25 per cent. for two hours 
. without the temperature rise exceeding 55? C. 

The transformer to give full kilowatt output when operating at 
go per cent. power factor without exceeding the above temperature 
rise. 


APPENDIX II. 


WINDING SPEC,FICATION FOR А WATER-COOLED OIL-FILLED 60-CYCLE 
9OO-K.W. 22,700-39,300 TO 2,200-VOLT SINGLE-PHASE TRANSFORMER. 


PRIMARY WINDING. 
Conductor cross-section, two 0'170 in. X 0090 in. double cotton 


covered. 
Weight, 750 lbs. double cotton covered. 


Inside Seclion. Outside Section. 


Turns 8 B.T. coils of 32 and 32 | par Р» Py Ps Por Pr Pas 
618 in. i 2 B.T. coils of 27 and 26) 7” } do f» and pro. 


Winding taps made at end of sth turn inside end of outside 
section f, fe 


Insulation between turns (8,300 ft.) оо15 in. thick by ұу in. wide, 
consisting of two о'оо5 in. hercules parchment and опе 
0'005 in. mica. 


Reinforced Turn Insulation. 


26-turn section, last 12 turns (triple) turn insulated, and all turns 
o'ot2 V.C. 

26-turn section, all other turns (double) turn insulated, and all turns 
оо12 V.C. 

26-turn section, all turns (double) turn insulated, and all turns 
оо12 V.C. 

Coils f, and f,» special collars of 1:% in. pressboard. 

All wood strips to be of $ in. wide by y in. 

Pressboard strips to be of 14 in. wide by ү in. 
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Taping of coils to be of 0'229 in. 

Wire vacuum, I. 

Coil dimensions : bare, 71% in. by Ф in. ; insulated, 73 in. by у in. 

Dimensions of coils with special collars : bare, 71% in. by § in.; 
insulated, 73 in. by 4} in. 


SECONDARY WINDING. 


Conductor cross-section, four 0:300 in. X 0°115 in., two of double 
cotton covered and two of bare. 

Weight, 370 lbs. double cotton covered and 370 lbs. bare. 

бо turns іп 8 5,5. coils of 15 turns each, 4 coils in series, 2 in 
parallel. 

Insulation between turns, 1,340 ft., оо25 in. thick by у in. wide, 
consisting of two o'oio in. hercules parchment and one 
o'o05 in. mica. 

Coil dimensions: bare, 73 in. х ү in. ; insulated, 712 in. x gin. 

Coils for special collars of Із; in. 


INSULATION SPECIFICATION. 


After winding the coils they must be securely clamped to dimen- 
sions called for in the winding specifications, after which they are to 
have the terminals attached. 

Before the coils are dipped they should have a preliminary baking 
for 12 hours at 250° F. (120°C.), or longer if necessary, to thoroughly dry 
out any moisture and shellac in the turn insulation and collars. The 
coils should be twice dipped when hot in оо7-В japan and baked 
12 hours at 250°F. after each dipping. 

After the coils have been dipped they are to receive one taping of 
0°007 in. cotton tape for varnish treatment. The taping is to be put on 
according to directions given below. 

Before putting on the taping the coils should be brushed over with 
a thin coat of 0°028 in. sticker to hold the tape to the coils. The 
taping should receive five brushings of 0°094 in. varnish of specific 
gravity 875, and to be baked after each brushing at least five hours, or 
until hard, at a temperature of 180° F. (85 to g5°C.). After each taping 
the coils should be allowed to cool to at least 100° F. (38°C.) before the 
next varnishing is given. 

The taping should be put on with one-half lap, except at the corners 
of the coils, wherc it should overlap not more than one-cighth at the 
outside edge. 

With single section coils there should be added, before the taping 
is put on, one thickness of No. 2 cotton drill, which is to be placed over 
the connecting straps. The drill should extend at least 14 in. each side 
of the strap, and must be neatly and firmly tied down with twine and 
sewed together at the outside edge of the coil. A tongue of the drill 
should extend up the outside of the strap as far as the terminal, and 
should be secured to the strap with a wrapping of cotton tape. 
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DISCUSSION. 


Mr. W. B. WooDHOoUsE : Before I discuss the subject of the paper М 


I just want to say one word of criticism about it : the paper contains 
a number of misprints and rather vague statements. For instance, on 
page 58 the statement is made, “ The hysteresis loss varies approximately 
as the 1°6th power of the induction, and directly as the frequency." I 
presume the author means the inverse of the frequency as in a later 
paragraph. Then in the next one or two paragraphs I think some 
words are misprinted. On page 60 the author says, ‘‘ It is often said 
that regulation reduces the voltage upon the load, and therefore causes 
a direct loss of revenue by reducing the power sold." This is un- 
necessarily vague, as is the statement on page 61 about “ ‘all-day’ 
efficiency.” On page 64 the author refers to “dielectric flux,” about 
which I should like a little explanation. I do not quite understand the 
author's meaning there. Near the bottom of page 67 the author 
speaks of “The dielectric density," another phrase that is new to me. 
On page 86, in dealing with the delta-star operation, the author says, 
‘ It is possible under such conditions to operate and deliver 3-phase 
current when either one phase or one line conductor is cut out." 
Unless he means to use the earth as one of the conductors and operate 
at lower voltage I do not quite see how that can be done. The 
diagrams of connections are very difficult to criticise as there is no 
indication on them of where the feeders branch off. It would 
make it much easier to discuss those diagrams if those details were 
given. Those are all minor points. 

The principal point, it seems to me, in discussing transformers from 
the operating point of view is, first, the question of the efficiency. 
The author goes into the question of the relative value of two trans- 
formers of different efficiency. For water-power schemes, where 
the water is plentiful, the no-load losses are not so important as they 
are in the case of stations where coal is used. My own view is 
that, assuming commercial load factors, the most important losses 
to consider are the no-load losses. The author, in my opinion, rather 
underrates the importance of regulation. Pressure regulation is an im- 
portant matter: first, because from the operating point of view the 
voltage has to be maintained within fixed limits ; and, secondly, because 
of the question of the strength of the transformer to withstand short 
circuit or heavy overloads. It has been the experience of a great many 
of us that transformers with very close regulation are not mechanically 
robust enough to stand heavy momentary overloads. Оп {һе other 
hand, we want close regulation, and it appears with the long distances 
considered in this paper that we must rather submit to a transformer 
with poor regulation and to the use of some external means of regulat- 
ing the pressure, such as the synchronous motor. I think Tables I., П., 
and III. would have been more valuable if the author had included the 
regulation of the various sizes and the no-load losses. With regard to 
the size of the transformer unit, it seems to me that when we get to very 
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big units we have to consider very seriously the question of local heat- 
ing. A 3-phase transformer is more efficient and has many advan- 
tages. The only disadvantage it has is that in the case of break- 
down the whole of the transformer is lost, instead of, where single- 
phase transformers are being used, only one-third being lost. But the 
single-phase transformer of one-third of the capacity has the advantage 
that there is not such a big bulk of metal. The difficulties of cool- 
ing equally all through the core and all through the windings are 
not so great, and I think that is an additional advantage which is 
a very strong one, particularly where very big units are concerned. 
The methods of cooling are dealt with by the author, but I am not clear 
whether he suggests that we should adopt air cooling by blowing air 
against the windings, or whether he means to air-cool transformers 
which are oil insulated. I should have thought that the practice of air 
cooling without oil insulation was dead. The difficulty of keeping 
moisture away and keeping the transformers clean and the air ducts 
clean is а very serious one. The self-cooled oil-insulated transformer 
in big sizes becomes very bulky. The amount of oil used is something 
of the order of 2 gallons for every kilowatt, and if it is a question of 
dealing with, say, a 5,000-k.w. transformer an enormous quantity of 
oil is required. Therefore, that is a great argunient for using a special 
means of cooling. Water is not always available, and the alternative 
appears to be to blow air on the case. I think there is room for develop- 
ment in the arrangement of the oil in these large transformers. A very 
large quantity of oil has to be used for proper cooling, and some of that 
cooling might very well be carried on in an external tank. It has been 
done by some makers, but it does not appear to be general. The 
drying-out of transformers is a very important matter, and I was 
interested in reading all the particulars which the author gives of 
the methods he adopts. There is one very good test of whether 
a transformer is dry or not, and that is to measure the core losses. 
If the transformer core is damp the losses are increased, so that if 
periodical readings of the core losses when drying-out are taken it 
is possible to get some idea of how the transformer is going on. The 
comparison of the shell type of transformer and the core type of trans- 
former seems to me necessarily inconclusive. Every maker of shell 
transformers says that they are better than core transformers, and 
the makers of core transformers state the reverse. It is all a matter 
of what we are prepared to pay for the transformer. From my experi- 
ence I see no difficulty in obtaining a core transformer equally as good 
as a shell transformer. Another most interesting and important point 
is the question of the inter-connection of the phases on a transmis- 
sion line where there is a step up and step down at the ends. The list 
of stations given by the author shows that there is a considerable diver- 
sity of opinion as to whether the high-voltage line should be connected 
delta or star. Obviously if the low-voltage side is connected star and 
the high-voltage side is connected delta, and loads are being dealt 
with which may be out of balance, the regulation is rather better 
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than if double-delta or double-star were employed. "The balance is ap- M 


parently in favour of star connections with the high-voltage line. With 
long transmission lines of this voltage the earthed neutral seems to me 
of very doubtful value. I was particularly interested during the summer, 
when we had such very dry weather, to notice the great increase of re- 
sistance of the earth after a few weeks of dry weather. Iftransmission 
is being carried out over several hundred miles I am afraid that earth 
connections would give trouble. I should very much like to hear other 
views on that particular point. As to the tests of the transformers, 
pressure tests, temperature rise, and so forth, the author apparently 
chooses a standard of his own. I do not know that there is any justifi- 
cation for departure from the recognised standard. He does not 
mention one test, however, which I think is of value, and that is 
an over-pressure test. The trouble with transformers of this kind 
is usually the breakdowns between turns of the winding. An over. 
pressure test of 30 per cent. picks out the weak spots. 

Dr. SiLvaNus P. THOMPSON: We have to thank Mr. Taylor for 
bringing this paper before us, no less than Mr. Snell for the excellent 
digest that he has given of it. It is not every дау that we get a paper 
from a man who has had experience of turning out in a factory trans- 
formers to the amount of 150,000 k.w. in a month, nor is it every writer 
of a paper who can talk about hundreds of megawatts, or about 
hundreds of millions of kilowatts in a short circuit. We must thank 
the author for the data he has given us with regard to these large 
transformers. Many of us have had much more experience with very 
small ones, and those who have had experience with these very large 
transformers of very high voltages are comparatively few. It would 
seem rather ungracious to criticise the details of a paper of this 
importance, and yet I venture, without becoming hypercritical, to 
mention two or three points where the terms used lack precision. 
There is one term used by the author very loosely—I do not blame 
him, because it is general custom to use it loosely—that I desire to 
draw attention to, namely, the word “ regulation." I suppose we all 
know what we mean when we talk about the regulation of a trans- 
former, or we think we do. There is the expression of “regulation from 
14 to 34 per cent."—of course we know what that means ; and that the 
change of voltage from no load to full load due to the operation of 
the transformer itself must not be more than 14 or 34 per cent. We 
sometimes talk about the transformer having an exceedingly good 
regulation or an exceedingly close regulation, which means that it 
hardly varies at all, that the percentage is unmeasurably small, as we 
would like it to be. That would be perfect regulation; that is a 
regulation of o per cent.—that is to say, no regulation at all. Take, for 
example, on page бо (which I use as illustrative of the general misuse of 
the word) the sentence : * With non-inductive loads the regulation is 
nearly equal to the ohmic drop, the inductance having but little effect." 
This means that the irregularity, the departure from perfect regulation, 
is nearly equal to the irregularity due to the ohmic drop. It is like our 
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old misuse of the word “efficiency” for glow lamps, when we mean 
the “inefficiency” of them. I think we must try to get some better 
understanding as to how that word is to be applied. Onother pages of 
the paper various passages occur where the meaning is ambiguous. 

The author of the paper raises several practical problems. I for 
one would like to know what is the present advice, given by those 
who have had experience on the point, of the advantage ог dis- 
advantage of the practice of putting in a resistance between the neutral 
point and earth line for avoiding the difficulties of a rush. It is put 
here as a doubtful matter, and I would like to know what the ex- 
perience is. 

There is a good deal said in this paper about the methods of 
connection when transforming from 3-phase to 2-phase. I presume 
the author is speaking mainly from American experience. He does 
not use the same language as we-use in this country for such con- 
nections. When we use two transformers to work as three by teeing 
on, the usual way, so far as I am aware, of describing it is to call it a 
* Scott connection,” because that method of changing from 2-phase to 
3-phase was first described by Mr. Scott of the Westinghouse Com- 
pany. Further, the author introduces us to something else which 
apparently he thinks is unknown in Europe, which 
he highly recommends and calls the “ 3-trans- 
former ‘T’ method." He says, “It is used in 
various parts of America and for voltages as high 
as 33,000.” I am rather surprised at this time 
of day to find it described as a novelty. It was 
publicly described in this country so far back 

A as 1892. It is described in Professor К. Arnó's 

FIG. А. book on the measurement of differences of phase, 

and it certainly is used in some of the high- 

voltage power stations in Italy. In case there is any doubt as to what 

I refer to I would like to call attention to Fig. A; it looks quite 

different from the lower half of the top sketch given in Fig. 20, but 
is in reality the same. 

Supposing we have a 3-phase delta connection, then the usual way 
of joining that to the three lines is by using three corners, but for the 
last twenty years certainly it has been known in this country that 
2-phase connections can be got out of it in the following way : connect 
from the top to the middle of the bottom for the A circuit, and from a 
certain point on the side to a corresponding point at the other side for 
the B circuit. This is absolutely the same as the lower half of the top 
sketch in Fig. 20. Now we have it introduced as a novelty brought 
from America and called the “ three-transformer *T' method." ‘The 
practical portions of this paper concerning the care in assemblage, and 
the switching on, and so forth, of large transformers seem to me valu- 
able. There are various treatises on transformers in existence, but 
they have not generally been written by persons having an experience 
of the particular kinds that the author has had, and therefore the paper 
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should be the more valuable asa contribution to our Journal. Towards 
the end there is a remark made which I welcome—and I think our 
President will welcome it too— where the author says that “the 
experience of recent years seems to point out that the larger we build 
our stations, machinery, and apparatus the better results we get." I 
venture to think that is a piece of advice that ought to be given to 
those good people who, in a little congested district—such, for example, 
as Bethnal Green—are asking how they shall set up a little station for 
themselves instead of taking their supply in bulk. 

Mr. C. H. MERZ: I am glad we have had this paper on trans- 
formers, because it enables questions to be raised which at the present 
time are very important, especially having in view the question of 
larger systems and larger stations. But I must say I am somewhat 
surprised that, with his great experience of transformers which the 
author evidently has, he does not refer to the more important difficul- 
ties, but seems rather to ignore them. The chief difficulty, which he 
hardly alludes to, is the difficulty of making a transformer that will 
stand the shocks that come upon it in practice without breaking down, 
not electrically but mechanically. The author says a good deal about 
the breakdown of insulation, but he does not say very much about break- 
down due to the mechanical failure of the coils to stand up to their 
work, which is really a very serious matter. I do not believe there is 
any large maker of transformers at the present time who is not having 
very serious trouble in that connection. This is a trouble which must 
be got over if we are to have larger systems and larger stations, and it 
must be got over in some different way to that generally suggested, 
which is to make the regulation of the transformer much worse. If a 
transformer is being used merely to step up to a high voltage, to 
transmit electricity a long distance it perhaps does not matter so very 
much whether the regulation is 6 per cent. or even worse ; in fact, modern 
practice would perhaps dictate large reactance in the generator and 
transformer feeding the line so as to avoid a heavy short circuit. But 
when we come to distribution it is obvious that if we are to have auto- 
matic regulation of voltage (and we cannot have assistants at every sub- 
station), we must have transformers of good regulation. It isimpossible 
from a generating station to keep a constant pressure on the secondary 
terminals at every sub-station unless we have good regulation—regulation 
within 20r 3 per cent. Therefore it is not a remedy of the difficulty of 
making transformers sufficiently strong mechanically, for makers to 
suggest that we should be content with a drop of voltage from no load to 
full load of 6, 7, or 8 per cent. instead of 2 or 3 per cent. There are two 
or three points touched upon in the paper which are very important ; for 
instance, at the bottom of page 6o, the author refers to the necessity of 
making a transformer so that there shall be no hot spots in it. That is 
certainly very important indeed, and I do not think it can be too much 
emphasised. If we are to avoid serious trouble with transformers, 
trouble with oil, and oil depositing which necessitates frequent cleaning 
out of the transformers, it is essential there should not beany hot spots. 
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I do not think in America they have such a high standard in this 
respect as welook for here. We aim at having transformers which will 
operate for years without requiring cleaning, whereas on some of the 
largest distribution systems in America I find they talk about cleaning 
their transformers once every six months or once a year. Then on 
page 61 the author refers to the possibility of operating transformers up 
to their limiting temperature rise. I think from the point of view of 
satisfactory operation this is a mistake. Unless a transformer is kept 
fairly cool I doubt the possibility of operating without considerable 
cost of maintenance on cleaning. On page 62 the author refers to the 
fact that water-cooled transformers originally were fitted with external 
oil-cooling arrangements, whereas now the modern practice 1s to put 
the cooling coils in the transformer tank. I consider this quite wrong. 
The original practice was to put the coils in the transformer tank ; 
the modern practice is to put them outside. 

Мг. J.S. Реск: The author has given us some valuable hints on the 
practical operation of transformers, especially with regard to the 
drying-out and the installation of the apparatus, but when it comes to 
questions of design, internal arrangement and connections, there are 
many points on which I cannot agree with him, and a few of these I 
shall indicate as briefly as possible. On page 58 it is stated that the 
hysteresis is greater in hard than in soft steels. It is now well known 
that alloy steels have very low hysteresis loss, yet they are usually very 
hard. On the same page the statement is made that “a reduction of 
20 per cent. in the frequency will increase the transformer exciting 
current about 14 per cent.” It may be 14 per cent.; it may be many 
times this value. It depends on the design of the transformers and 
how high the induction is worked. In a low-frequency transformer 
there would generally be a greater increase than in a high-frequency 
one. On the same page a formula is given for determining the cost of 
the iron loss. This formula is obviously wrong as the terms are 


. incorrectly expressed. At the bottom of the page the author refers to 


the transformer losses as affecting the revenue. In general they will 
not affect the revenue except indirectly; they affect the cost of 
operation, and in a water-power plant their cffect may be negligible. 
It is stated on page 59 that the copper loss “is within control of the 
designer.” So is any other loss, within limits, if the customer will pay 
for it, but the section of copper cannot be increased without increasing 
the iron also, or without cutting down the insulation. The author 
further states on page 59 that “ The drop in voltage due to eddy currents 
in the conductors, and due to magnetic leakage, is minimised by the use 
of several small conductors of an equivalent cross-section.” Several 
small conductors will minimise the eddy-current loss, but they cannot 
reduce the magnetic leakage. It is also stated on this page, “ The losses 
due to the magnetising current and heating are determined from the 
manufacturer's guarantees" I do not understand what this means. 
Lower down on page 60 the statement is made, “In general the core- 
type transformer has not so good a regulation as the shell-type.” I do 
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not think this statement can be accepted without several qualifications. 
On page бі it is stated that, * Where a transformer is operated at full 
load its all-day efficiency will be almost equal to its full-load efficiency.” 
I think “almost” should be omitted. On page 64 it is stated that 
transformers are shipped occasionally in the tank from the factory, but 
that this is seldom done. Asa matter of fact, the tendency is more and 
more to ship the transformer in its case complete with oil. The whole 
unit is thoroughly dried and the case sealed without the terminals, and 
shipped in this way, so that upon arrival all that has to be done is to 
put in the terminal bushes and connect to the line. Thus no drying- 
out is required. This is a great step in advance from all points of 
view, as the great danger of overheating the transformer when 
attempting to dry out in situ is entirely avoided. On pages 64 and 65 
a description is given of the construction of a core-type transformer. 
This is probably a description of a small core-type transformer manu- 
factured by a particular company. It is not a construction which is 
adopted in this country or on the Continent, and I do not think it is 
suitable for a large transformer. On page 67 a sketch is shown of a 
3-phase shell-type transformer. The proportions given in the sketch 
are obviously wrong. The horizontal portion of the magnetic circuit 
is shown as equal to three times instead of twice that of the vertical 
section. On page уо the statement is made: “ Air-blast transformers 
are regularly built in capacities up to 4,000 k.w. and for a voltage of 
33,000.” I would explain that by “ air-blast transformers" the author 
refers to those in which the air is forced directly between the coils, and 
through ducts in the laminations. In general, the efficiency of an air- 
blast transformer is not as high as that of an oil-cooled transformer, in 
consequence of the greater insulation space and the larger air ducts 
which are required; the author states the opposite. On page 72 
reference is made to the testing of the water-cooling coil. One of the 
greatest difficulties with water-cooling coils is the tendency for any 
water left in them to freeze when shipped in cold weather. They are 
usually made in circular form, and it is extremely difficult to get all the 
water out after the test. If they areshipped with even a small amount 
of water in them and the water freezes, it is certain to burst the pipe. 
At the bottom of page 73 reference is made to drying out under 
vacuum, and a method is described where the cover is packed with 
putty to prevent ingress of air. In some cases a special cover is 
furnished which is made air-tight, and it is used first on one trans- 
former and then on another. On page 77 reference is made to the 
different classes of oil used with water-cooled and self-cooling trans- 
formers, and itis stated that an oil of lower flash-point is used with 
water-cooled transformers, because it is easier to keep down the 
temperature ої the water-cooled transformer. This is not the real 
reason for the use of a lighter grade of oil. It is found that the 
* water-white" oils which usually have a low “fire test" have a much 
less tendency to throw down a deposit when heated than have the 
darker fire test oils. This tendency to form a deposit is the great 
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trouble with transformer oils, a fact which the author has not mentioned 
in the specification he has given. If the deposit is formed in a self. 
cooled transformer, it does no particular harm, except to clog the 
ventilating ducts if it goes on too extensively. But in a water-cooled 
transformer the deposit settles on the cooling coils, and being an 
excellent heat insulator, the transformer becomes hotter and hotter, 
and the.deposit thicker and thicker, until the transformer burns out, 
or until the cooling coils are taken out and cleaned. At the top of 
page 84 the author in a measure condemns the 3-phase transformer, 
citing the great advantages of the single-phase transformer ; but a little 
further on he refers again to 3-phase transformers, and states that they 
will be the transformers of the future. On page 88 several diagrams 
are given of star and delta connections of transformers. Diagrams B 
and D are correct ; diagrams A and C are impossible ones, for with the 
secondary winding of the middle transformer reversed, the group is 
short-circuited. Both the diagrams shown on page 92 are also unwork- 
able for the same reason. Оп page 93 diagrams C and D are correct; 
while A and B are not correct, as they do not give equal voltages across 
the secondary phases. Regarding the so-called 3-transformer system 
of “Т” connection, Dr. Thompson has already stated that this has been 
known for many years. It has not come into general use because of 
its many disadvantages. The principal ones perhaps are that rotary- 
converters or 3-wire 2-phase motors cannot be operated, and that there 
is no point for a mid-wire connection. But the author's whole argu- 
ment in favour of this system is, I think, a fallacious one, because it is 
based on the assumption that there is no greater loss when operating 
3-phase to 2-phase than when operating with the same output 3-phase 
to 3-phase. This is not the case, for the loss is considerably in- 
creased when operating 3-phase to 2-phase, and it is also greater 
than the loss with the Scott connection, where the same output is 
taken from the same total transformer capacity. On pages 99 and тог, 
in Appendices I. and II., a transformer specification is given. This isa 
manufacturer's specification, and, while it is quite interesting there are, 
especially in Appendix II., a number of terms which are unintelligible 
except to the manufacturer. In general, the first specification is one 
issued by a particular manufacturer, and which he would doubtless 
like all consulting engineers to adopt as their own. 

Mr. J. F. C. SNELL: I prefaced my remarks this evening by saying 
that I took no responsibility for the paper, and the author must himselí 
answer the very trenchant criticisms, of Mr. Peck in particular. I will 
see that the points are forwarded to him, and the author will no doub: 
in due course reply to the various criticisms offered. I must apologise 
to the Institution in one respect, namely, that some of the very obvious 
corrections which have been made by Mr. Woodhouse should have 
been made by me in going through the paper, but they escaped my 
notice. Although I do not take any responsibility for the paper, I did 
to some extent edit it. I may say in defence of the author, that the 
paper is the work of a practical man, who has had a great deal of 
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practical experience, and although I think it is interlarded with a good 
deal which is unnecessary, still it contains a great many points which 
will be of advantage to us to have recorded. 

Mr. W. E. BURNAND : While this paper is very interesting and 
contains much information for which the members are grateful, when 
it comes to matters of detail connected with the construction of a 
transformer there are many points on which I disagree with the author. 
It is not an easy matter to alter the regulation of a transformer in 
the manner suggested once the core has been fixed, as a properly 
designed transformer has not spare room in the core for increasing 
the copper area. In the comparison between the shell- and the core- 
type of transformer, it seems that most of the points mentioned relate 
tothe coils rather than to the particular type of transformer. Plenty 
of transformers of the shell type are made with the concentric style of 
winding, and also of the flat pancake style, and the same remark 
applies to the core type. In general, I believe it is considered that the 
pancake style is a more difficult arrangement to insulate than the 
concentric, which is in direct opposition to what is stated in the paper. 
One matter does not appear to have been touched on, and that is the 
cause of the breakdown between adjacent portions of extra-high- 
voltage systems. It seems to me that is an effect that will be under- 
stood best by considering what happens in many high-frequency 
experiments. It is well known that when we get up to a frequency of 
millions we can get, say, a few thousand volts across even an inch or 
so of copper with a current that would only give rise to a potential 
difference of, say, 1 volt at ordinary frequencies. If a transformer 
is switched direct on to an extra-high-voltage system there is a rush of 
current quite equivalent in its suddenness to what occurs in these 
high-frequency experiments, and the amount of that rush depends 
largely on the local capacity of the high-tension switchgear and connec- 
tions close to the transformer, and is largely proportional to the electro- 
static energy stored in these adjacent parts of the cable and switch- 
gear. If this is the case, it follows that the shock to the end turns is 
practically in proportion to the square of the voltage, which explains 
why it is only within comparatively recent times that this has become 
serious, because there has been such a rapid increase in the voltages 
used. I should like to ask the author if he has not noticed a greater 
tendency to breakdown between end turns when the switch controlling 
the transformer has been close to it than when situated some distance 
off. Another point which has been referred to is the mechanical 
destruction of transformers on short circuit. Itis recommended as a 
cure to increase the reactance, that means to increase the leakage field. 
This of course tends to limit the current that will pass on short circuit, 
but it must not be forgotten that this leakage field is largely the cause 
of the mechanical forces observed, so that although we reduce the 
current by increasing the reactance, we at the same time increase the 
force exerted by the current, and the lessening of the chànce of 
destruction thus brought about is not quite what might be expected. 
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It is stated on page 95 as an advantage in grounding the neutral point 
of the star system, that a ground on one transmission line “ causes a com- 
plete shut down," but I presume that is a misprint and that “ dis- 
advantage" is meant. Another point arises with regard to the 3-trans- 
former “Т” method. I do not quite see why that is called a “Т” 
connection ; it looks to me to be a delta. It will be of decided interest 
to hear that that system is coming into fairly extensive use in America. 
The advantage of being able to supply both 2- and 3-phase off 
four wires is a particular feature that distinguishes it from other 
systems. Although the 2.phase is described as symmetrical it is 
obviously not so from the diagrams given. That does not prevent a 
2-phase motor working equally as well as it would work with an 
ordinary 2-phase system with one wire grounded on each phase; in 
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fact, the 3-transformer 2-phase is rather more symmetrical than 
that. The chief difficulty with the unsymmetrical disposition of the 
phases would occur with rotary converters, but that could be overcome 
by means of a local auto-transformer on one phase corresponding to 
the vertical phase on that diagram (Fig. 20, A’ shown vertical over A). 
which would reduce the voltage near the top terminal and put an 
equal amount on the bottom. The transformer would be comparatively 
small and cheap and would cause very little reduction in efficiency. 
Appendices I. and II. have already been dealt with. They really do 
not tell us anything unless we know something of the remainder of the 
transformers to which they refer. I notice that a preliminary baking 
for 12 hours at 250? F. is recommended for the coils, but I suppose 
that is a misprint and that a much smaller value is intended. Another 
point is that shellac, wood, japan, and cotton drill seem to be very 
much insisted upon. I do not think most English engineers would 
care for those. Shellac dissolves in oil and, of course, wood is liable to 
introduce moisture and other ingredients which are not required in an 
extra-high-voltage transformer. Regarding the manner of supplying 
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approximately symmetrical both 2- and 3-phase with four wires, I 
should like to mention that something similar can be done by a modifi- 
cation of the ordinary Scott 2-transformer system by making the 866 
tap the “Т” connection. That will give just the same results on the 
distribution system as regards phase relations as indicated on the 
3-transformer system, and I believe with a higher efficiency. Fig. B 
shows this arrangement. 

Mr. К. FavE-HANSEN (communicated): Although in many points І 
agree with Mr. Taylor, there are quite a number of statements and 
generalisations from which I differ. On page 57 Mr. Taylor states that 
where water is not available there are only two types of transformers 
to choose between, cither the oil-filled, self-cooled type, or the air-blast 
type, the latter being cooled by forced air circulation through core and 
coils, and he specially mentions that this type is not very reliable for 
high voltages. In this connection I would refer to the oil-insulated 
transformer cooled by means of an air blast at the outside of the tank, 
as described by Mr. Fleming and myself in 1908.* A fair number of 
these transformers have been delivered and proved entirely satisfactory, 
and it certainly seems to be the most suitable type for large units and 
high voltages where cheap water is not available for the cooling. On 
page 58 Mr. Taylor states that a reduction of 20 per cent. in frequency 
will increase the exciting current about 14 per cent. This might be 
the case in some special instances, but the increase in exciting current 
will vary within very large limits and will usually be considerably larger 
than given, especially for low-periodicity transformers. He also states 
that 1o per cent. increase in frequency reduces the iron loss by approxi- 
mately 20 per cent, while the exciting current will be increased. 
Ordinarily the reduction in iron loss will be nearer to 1o than 20 per 
cent., while the exciting current will be reduced, and not increased, 
with increased frequency. Regarding the iron loss cost, Mr. Taylor 
adds the cost of energy per kilowatt-hour and the annual charge per 
kilowatt capacity of the station and transmission lines. It must, of 
course, either be the cost of energy per kilowatt-year, or the hourly 
charge per kilowatt capacity. As regards the copper loss cost, it is not 
stated what is meant by the copper loss in watts: either the average 
copper loss during the yearly service of the transformer, or the copper 
loss at full load. It seems that the formula given, whether the one or 
the other is meant, must be wrong, as the cost of copper loss should be 
proportional with the kilowatt-hours lost during the year, due to the 
actual load taking place, plus the annual charge of the increased 
capacity of the station required due to the copper loss at peak load. I 
am of opinion that the best way of figuring the cost of iron and copper 
loss of the transformer is based on the actual kilowatt-hours lost during 
the year, and the price per kilowatt-hour for the load factors, corre- 
sponding to the iron loss and copper loss, as indicated in Mr. Fleming's 
and my paper previously referred to. 

On page 60 Mr. Taylor makes the statement that in general the core- 

* Proceedings of the Institution of Electrical Engineers, vol. 42, p. 373, 1909. 
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type transformer has not so good a regulation as the shell-type. No 
general statement of this kind can be justified, as it depends entirely 
upon the design of each individual transformer whether the shell type 
or the core type will have the best regulation. I entirely agree with Mr. 
Taylor's statement on pages 60 and 61 that it is necessary, from the point 
of view of reliability, to provide ducts in the windings of large-size high- 
voltage transformers, and his deprecation of attention being given to 
efficiency only and not to this feature. Mr. Taylor states that when the 
transformer is not operating at full load throughout the day its all-day 
efficiency will decrease as the load decreases. So general a statement 
is not true, since many transformers are designed to have a higher 
efficiency at low load than at full load. Referring to the tables and 
description of the construction of high-voltage transformers and the 
building of the iron core, this is only taken from the manufacture of one 
single firm, while other firms' transformers differ in many important 
features from that given. Especially the construction of the core of 
core-type transformers described is far from being so mechanically 
solid as that of the large-size core-type transformers mostly built in this 
country and on the Continent. Regarding the statement on page 7o that 
the air-blast transformer has a better efficiency than the water-cooled 
type of the same capacity—this can also not be taken as a general rule 
although it is the case with the transformers manufactured by the firm 
from which the tables are taken. In addition to the shell-type trans- 
formers described air-blast transformers of the core type are also built 
on comparatively a large scale. Personally I prefer the shell type for 
this service, as it is easier to arrange for separate air passages through 
the core and coils. 

On page 71 Mr. Taylor states that if there is not more than 2o? C. 
difference between the supply of air and the air leaving the transformer 
sufficient air is passing through it. This can also not be taken as a 
general true statement. If the transformers given in Table III. are 
supplied with the amount of air specified, and have the efficiency given, 
the air blast will leave the transformer with a rise of only 12? to 13? C. 
above the entering air. Under the heading “ Installation of Trans- 
formers," Mr. Taylor has given very valuable information regarding the 
installation and drying-out of transformers. As regards the compari- 
sons between shell type and core type on page 79, I cannot agree with 
the statements given there; although they may be true for certain 
methods of designing and building shell-type and core-type trans. 
formers, most of them are not inherent in the one or other type itself. 

When Mr. Taylor comes to the description of the “Т” 3-transformer 
arrangement I must entirely disagree with him when he states that three 
transformers of 33 per cent. each will givea total of тоо per cent. kilowatt 
capacity. In the connection shown (Fig. 20), where the windings on the 
3-phase side as well as on the 2-phase side are connected in delta, it is 
not possible generally to say exactly how the currents will divide in the 
windings, as it depends upon the reactance between the primary and 
secondary windings and between the different parts of the windings 
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on the 2-phase side. From the point of view of the capacity of the 
transformers the best results will, of course, be obtained if either 
of the currents in the 3-phase windings are exactly the same, or if the 
currents in the 2-phase windings are exactly the same. In case 
the currents in the 3-phase windings are exactly the same, then 
the currents in the different parts of the 2-phase windings will be 
0:655 and 0:765 of the current flowing in the four 2-phase leads con- 
nected to the transformer, assuming, of course, the two phases on the 
2-phase side to be equally loaded. The capacity of the 2-phase 
transformer windings if the windings of the three are made different 
from each other would be 21} per cent. greater than would be required 
for the same load 3-phase in delta/delta connections, and if the three 
transformers are made exact duplicates of each other, the size of the 
2-phase windings would have to be 33 per cent. larger than in case of 
3-pbase transformation. The windings on the 3-phase side would, 
however, remain the same as for 3-phase transformation, so that the 
actual increase in capacity of the transformers if they are made 
duplicates would be 164 per cent. larger than for delta/delta connections 
and 3-phase transformation. "This has to be compared with approxi- 
mately 7 per cent. for the Scott connection, which is the same as Mr. 
Taylor calls a “2-transformer “Т” connection.” In case the current 
divides so that on the 2-phase side the currents in all the windings are 
the same, the required increase in capacity for the “Т” 3-transformer 
connection would be 16 per cent. instead of 164 per cent. as given 
above. In the connections advocated by Mr. Taylor the different parts 
of the 2-phase windings will have currents flowing in different phases, 
and the reactance between these different parts of the winding will 
have influence on the regulation of the transformer in a still higher 
degree than for transformers in Scott connection. It will therefore 
ordinarily for 2-phase to 3-phase transformation, when the conditions 
are such that two transformers in Scott connection are not considered 
to give sufficient safety, be as economical to supply two sets of trans- 
formers in Scott connection as one set in the “ T" 3-transformer 
connection. 

On page 9o Mr. Taylor advocates the use of outside reactance to 
limit the short-circuit current of generators and transformers. It will 
usually be cheaper, and from the point of view of efficiency and 
reliability better, to supply the transformers with some internal 
reactance. In the case of transformers at the end of a long trans- 
mission line this will, of course, as a general rule not be required, since 
the impedance of the transmission line will limit the short.circuit 
current sufficiently in case of short circuits on the secondary side of the 
transformers. From the point of view of safety of step-up transformers 
in generating stations it would be advisible to connect one transformer 
to one generator of the same capacity with no busbars on the low- 
tension side, so that in case of a short circuit on the secondary 
side of the transformer the short-circuit current through the trans- 
former is only supplied by generators of the same capacity as the 
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transformers, whereby the short-circuit current in the transformer is 
reduced to the same as that of a generator of the same capacity, while 
the short-circuit current of the transformer when the capacity of the 
generating plant behind is large enough to maintain the primary 
voltage under short-circuit conditions, ordinarily will be considerably 
higher. On page 92 Mr. Taylor advocates the use of resistance in series 
with the grounded circuit of the transformers to reduce the severity of 
short circuits to earth. I quite agree that this as a general rule would 
be of advantage, but would point out that Mr. Taylor in his answer to 
the discussion on his previous paper on “ Modern Long-distance Trans- 
mission of Electrical Energy,’* says that it is bad practice to put 
resistance in the grounded circuit, due to the fact that the transmission 
line then in case of short circuits between one phase and earth, may 
give full voltage to earth on the two ungrounded phases. It seems, 
therefore, as if the advantages and disadvantages in using resistances 
in the neutral connection to earth about balance each other. I should 
like to know what actually is the usual practice in the installations Mr. 
Taylor has to deal with. 

Professor D. ROBERTSON (communicated): The calculation of the 
best distribution of the losses between the copper and iron of a trans- 
former has always been a favourite academical exercise, but sufficient 
attention has not always been paid to the difference in the cost of peak load 
and light load losses. To get the least energy loss (Mr. Taylor’scondition 
(a) on page 56), the transformer should have its highest efficiency for the 
root-mean-square load, but this does not give the least money loss, 
which is presumably what һе had in his mind in (b). Every watt lost at 
the time of peak load adds to the capital outlay for everything up to 
the transformer considered (prime-mover, generator, switches, and 
perhaps step-up transformers, lines and sub-station gear), whereas the 
light-load losses only affect the running costs. The lower the load 
factor, the more energy can be saved by cutting down the iron loss at 
the expense of the copper and total losses at full load, but at the same 
time the capital and other standing charges become of more and more 
importance compared with the running costs, and in many hydro- 
electric systems in which storage of watcr has not been an expensive 
item the last-mentioned part of the cost must be very small indeed. 
The cost of each kilowatt of loss lasting for the few hours of peak 
load is therefore not so much less than the same loss lasting the whole 
day as at first sight might appear, and there must be many cases 
in which a saving of the peak loss at the expense of a greater all-day 
loss is a true economy whether the peak is a long one or a short one. 
Another consideration affecting the distribution of the losses is that 
good regulation—a commercial asset of appreciable value where other 
sources of power are open to the consumer—is affected by the copper 
loss but not by the iron loss. It will generally be found to lead to the 
best economy of money if the transformers be designed to give their 
maximum efficiency (copper and iron losses equal) at about their rated 
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full load. The real advantage of a small iron loss with a given total 
full-load loss lies not so much in the saving of energy itself as in the 
consequent lower temperature of the transformer when the peak 
commences. 

Many of the author’s statements in the paper require certain 
qualifications. For instance, the first one on page 58 regarding the effect 
of the frequency on the hysteresis loss applies when the maximum flux 
density is kept constant, while those appearing lower down refer to a 
transformer working with constant voltage. Surely some slip has been 
made in saying that the iron losses are reduced 20 per cent. by a 10 
рег cent. increase of frequency at normal voltage. Such a rise would 
not affect the eddy-current loss at all, and would only diminish the 
hysteresis loss by about 7 per cent. of its own amount, or, say, 3 per 
cent. of the total iron loss. The figures on this page about the effect 
on the exciting current can only apply to a particular case. A ro per 
cent. change in the flux density, corresponding to a similar change of 
frequency in the opposite way, may produce anything from 5 per cent. 
to 100 per cent. or more change in the exciting current, according to 
the particular part of the magnetisation curve on which the apparatus 
was originally working. 

Using a few very simple assumptions which are very nearly true, 
I have succeeded * in dividing the cost of a transformer into two 
factors, of which one takes account of the proportions and type of 
transformer and the other of the performance required. The former 
^is called the cost function, and depends on the type, the relative 
proportions of the leading dimensions, and on the specific cost ratio, 
or ratio of the cost of the copper space to that of an equal volume 
of iron space, which ratio is affected by the relative cost of the 
copper and iron and the relative space factors in the two spaces. The 
other factor, the fundamental cost, depends on the efficiency required, 
the properties of the materials, their actual market values, and the 
actual space factors. The output does not affect matters directly, but 
only indirectly by fixing a lower limit to the efficiency for any method 
of cooling below which it will be impossible to make the transformer 
run cool enough with that output. If the iron losses varied in propor- 
tion tothe square of the flux density, to get an efficiency of 98 per cent., 
say, would require the same size of transformer (but not the same 
winding) whether it was to give 1 k.w. or 1,000 k.w. The temperature 
rise would of course be very different, and very effective means of 
cooling would be required for the latter rating. Actually, owing to the 
departure of the iron losses from the assumed law, the transformer 
would have to be bigger and more expensive for the smaller output, 
unless larger space factors could be obtained with it. The same 
cause makes it always more expensive to reduce the iron loss than 
to diminish the copper loss, the total loss being constant. 

The theory mentioned above allows very definite statements to be 
made as to the relative value of different types, proportions, or materials, 

* Bohle and Robertson, “ Transformers," p. 177. London, Chas. Griffin & Co., rg11 
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which are true irrespective of size. A summary of the most important 
deductions may be given. We can distinguish several groups of types 
of transformers each of which may have either circular or rectangular 
coils. Some of these are: Ring type, having the conductors wound 
all round a ring of iron, which may be circular (Faraday), square 
(Burnand), hexagonal, etc. Simfle type, having an iron core іп 
the form of an open rectangle, with the coils all wound on one limb. 
Shell type, derived from the last type by dividing the magnetic 
circuit so that half the flux returns on each side of the coil, so as to 
reduce the mean length of iron. In some types, such as the Berry 
transformer, the coils are circular and the iron spread out radially in all 
directions. The division of the flux is the characteristic of the shell 
transformer. Core type, derived from the simple type by winding 
half of the primary and secondary on each of two opposite limbs. 
'This division of the electric circuit is the characteristic of the corc 
type. Polyphase transformers can be obtained by combining the 
requisite number of any of the last three types, by which a saving 
of material can be effected. Special types can also be made applicable 
to a particular number of phases. The following general conclusions 
apply to transformers using the same materials and having the cheapest 
proportions, designed to give the same losses with the same load. 
The smaller ones will therefore, in general, get hotter than the larger 
ones. (1) In all types rectangular coils are cheaper than circular; 
without allowing for the better iron space factor attainable with 
rectangular coils, the difference is about 3 per cent. for the ordinary 
3-phase transformer, and $5 per cent. for core and shell trans- 
formers. (2) For single-phase transformers the ring types require 
least material, the circular being the best in this respect, and any other 
better than one with a smaller number of sides. This type offers, 
however, practical difficulties of construction. (3) Core and shell 
types cost as nearly as possible equal amounts when equal volumes of 
copper and iron spaces are equally expensive. (4) Thecore is cheaper 
than the shell with relatively cheap copper space (low copper space 
factors and alloyed iron). (5) The shell is cheaper than the core with 
dear copper space (large copper space factors and ordinary iron). 
(6) The simple type is much more expensive than any of the 
foregoing (50 per cent. dearer or more). (7) The ordinary three-limb 
3-phase transformer is much cheaper than three single-phase 
transformers. In fact, for the same efficiency, to provide one spare for 
each group of three single-phase transformers will cost more than to 
entircly duplicate the 3-phase transformers. (8) The three-limb 
2-phase type, being derived from the expensive simple type, is more 
expensive than two single-phase transformers. (9) Polyphase trans- 
formers obtained by combining two or three core or shell transformers 
tandem fashion (Fig. 4 in the paper is a 3-phase tandem shell 
transformer, but quite out of proportion) are cheaper than an 
equivalent number of single-phase transformers by 15 per cent. for 
the 2-phase and 33 per cent. for the 3-phase. (10) Symmetrical 
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types of 3-phase transformers are difficult to construct, and the 
favourite one in which each core is divided into two parts communicat- 
ing with each of the other cores makes very poor use of the material 
owing to the difference of phase between the fluxes in the two halves 
of each core. 

Several of these statements are surprising and quite contrary to 
what one would expect. Thus (1) contradicts the usual text-book 
comparison of circular and rectangular coils which Mr. Taylor gives on 
page 59. I must confess that when going into the theory of the matter 
I at first dismissed rectangular coils in exactly the same way, but after 
reading Fleming and Faye-Hansen's paper * I was induced to tackle 
the problem again, taking full account of the three independent propor- 
tions, and was successful in obtaining solutions which entirely con- 
firmed the claims made in that paper for the rectangular construction. 
Until an explanation of the result was forthcoming, however, my 
confidence in the formulz was considerably shaken by the unexpected 
result. It is true that the circular coil has a lesser mean turn than a 
rectangular coil of the same embraced area, but the latter requires a 
shorter length of iron to surround it owing to its small width. When 
the dimensions are readjusted so as to give the same losses in each and 
the best proportions for each type, it is found that the latter advantage 
predominates and the rectangular coil is the better. The very great 
saving which the core and shell constructions give as compared with 
the simple type from which they are derived is also hard to believe. 
The first saving by reducing the copper or iron length is only a few 
per cent., but the losses are reduced at the same time and consequently 
all the dimensions can be reduced until the losses are the same as 
before, with the result that what appears at first to be only a small gain 
becomes in reality a very large one. It is curious to note that the 
cheaper of the two (core and shell) is the one whose initial saving is in 
the less expensive space, another result contrary to what one might 
expect. It is a mistake to say that any type is in itself more efficient 
than another, as an efficiency of as near 100 per cent. as may be re- 
quired can be obtained by making it big enough. It is all a matter of 
money, and some types cost less money than others to get it. 
Naturally, the smaller transformers will get hotter than the larger ones 


with the same load and losses, and consequently the minimum eff-. 


ciency for a given load is higher for the cheaper types than the dearer 
ones, and so part of the saving in cost for equal efficiencies has to be 
spent in getting a higher efficiency when, as is usual, the rated output 
is settled by the temperature rise. For instance, the same efficiency 
can be obtained by a 3-phase transformer ог by three separate 
transformers for the same service, but if the former is working at its 
limiting temperature, the latter will have a considerable margin, and 
could be rated higher. The result is that the man who prefers 
separate transformers is generally content to sacrifice his efficiency 
below that obtained by his fellow who employs 3-phase units, in 
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order that his capital expenditure may not compare so very unfavour- 
ably with that of the latter as it otherwise would. On an equal heating 
basis, single-phase transformers do not appear quite so badly as is given 
in (7) above. Taking Mr. Taylor's figures on page 84, which presum- 
ably refer to ratings for equal temperature rise, the relative cost of 
two 3-phase and four single-phase ones, any three of which are 
equivalent to one of the former, rises from something under unity for 
equal efficiency to about 5:4. The efficiencies given in the author's 
Tables I. and II. (pages 62 and 63) are certainly not high for the output ; 
in fact, it is only the use of water cooling which enables those for the 
smaller sizes to be kept so low. I wonder whether in the smaller sizes 
it would not actually be cheaper to have a greater efficiency and dis- 
pense with the water cooling. Near the limits of any particular 
method of cooling it is always well to consider whether it is not better 
to spend the money in raising the efficiency sufficiently to allow of the 
simpler method rather than in providing more expensive cooling 
facilities. 

The author's comparisons of core and shell transformers on page 79 
are hardly quite fair to the former, because they are really a com- 
parison of concentric and sandwiched coils, which is quite a different 
matter. Although, perhaps, the latter are the only ones suitable for 
shell transformers, either may be, and both are, employed for core trans- 
formers, most makers, however, preferring the concentric type. Inthe 
shell type with its short, thick winding space, a large amount of sub- 
division is necessary in order to get a reasonably low leakage reactance, 
whereas with the long, thin winding space of the core type simple 
concentric coils generally give a sufficiently good result. It is, of 
course, easier to get a small improvement with sandwiched coils by 
increasing the number of sections, and so there is no difficulty in 
making the ordinary shell as good as, or even a little better, than the 
ordinary core. But with the same amount of interleaving the core 
ought to be the better. It is not the case that the shell transformer is 
essentially the better cooled. Without any ducting, the shell has only 
about half the copper cooling surface of the corresponding core 
transformer, but about 50 per cent. more iron surface. As there is no 
reason why the samc amount of subdivision should not be carried out 
on both types, this ratio should also approximately apply after ducts 
have been inserted, and so the core type would seem to have the 
advantage as it has the cooling surface where it is most wanted. Of 
course, sandwiched coils give a greater increase of cooling surface than 
concentric ones. 

Near the bottom of page 86 the author refers to the transmission of 
3-phase power with one line cut out. As at least three conductors are 
absolutely necessary for the purpose, it may be assumed that he con- 
templates using the earth as the third. Is this actually the practice in 
America, and do the telegraph and telephone authorities offer no objec- 
tions? The statement at the bottom of this page appears to contradict 
the one given a few lines above it. 
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Mr. C. J. HOPKINS (communicated) : The author refers with emphasis 
to the reliability of transformers as an important requirement, which is, 
of course, dependent upon a skilful design and construction. Mr. 
Snell, in reading the paper, laid special stress on the fact that this 
paper referred to transformers between 33,000 and 110,000 volts and 
upwards, which is according to the text. I object to the words 
“and upwards.” Fig. 3 shows a picture of a transformer and depicts 


quite clearly the usual method of carrying the high-tension leads. 


through the cover, as stated in Appendix I., that they are to be 
carefully insulated and taken from the tank through porcelain bush- 
ings having sufficient surface to prevent perceptible leakage to the 
tank. With voltages above 110,000, on account of the difficulty in 
preventing leakage, the above method of taking these high-tension 
leads through the cover with simple insulation and а porcelain 
bushing becomes more or less impracticable. About seven years 
ago I took part in the design of some 250,000-volt transformers in 
Schenectady ; these were, as far as I know, the first to be constructed 
at such a high voltage. In these designs the matter which demanded 
the most attention was the method of satisfactorily taking the high- 
tension leads through the cover. This was accomplished by supporting 
the leads (bare copper rods) in the centres of cylinders of oil, which 
were in turn supported at a point near their centre in the cover of the 
tank. These cylinders were built up of cylindrical sections of var- 
nished cambric and pressboard collars ; illustrations are given in the 
manufacturer's bulletins. Mr. Taylor also mentions that these high- 
tension transformers are usually required to be tested to twice their 
working voltage. Would it not be unnecessarily extravagant to demand 
that a transformer that is to be built for 250,000 volts must be capable 
of withstanding 500,000 volts ? 

The PRESIDENT: I will now ask you to accord a hearty vote of 
thanks to the author for his interesting paper. 

The resolution of thanks was carried by acclamation. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
NOVEMBER 15, IQII. 


Dr. D. K. Morris: I should like to point out that in the interesting 
comparison of the core and shell type of transformers, given by the 
author on pages 79 and 8о of his paper, the advantages are mostly 
in favour of the shell type and the disadvantages stand in favour of the 
core type for the most part. Somehow the chief points in favour of the 
core type, viz., the ease in assembling and simpler insulation (occupy- 
ing less space and so making for better regulation and efficiency of the 
core type) were not mentioned in this part of the paper, although they 
were all stated on page 67. I suggest that it would be more con- 
venient if all these points were brought together in the paper. 
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Dr. С. С. GARRARD: This paper, while containing very much 
valuable information, loses much of its value by the involved manner 
in which it is presented and by being interlarded with a large number 
of what may be described as platitudes, such as on page 61, “the 
efficiency of a transformer is the ratio of the output to the input,” etc., 
and on page 71, "the transformer tanks must be made of a metallic 
or non-combustible material.” The most valuable part of the paper 
is that which deals with the installation of transformers, drying out, 
etc. The operating engineer will find many very useful hints here. 
The table which is given showing time taken to dry out transformers 
is especially good. I have to disagree with the author in several of 
the constructional details he mentions. For example, describing the 
building up of the core of a core-type transformer (page 65), he 
describes the core as only being held together with linen tape. This 
is an unsatisfactory method of construction. The tape is bound in time 
to give way, and then there is nothing to prevent the laminations bulging 
out and cutting through the insulation of the coils. To make a satis- 
factory mechanical job steel bolts should be put right through the 
laminations, with gun-metal clamping plates in either side. The ends 
of the bolts are riveted over, and if they with the plates are insulated 
from the core, no appreciable increased iron loss results. I also have 
to object to the insulation specification given in Appendix II. The 
instructions are to put on various coats of “sticker” and varnish so 
many mils thick. I do not know whether the winder has to measure 
the thickness of varnish he put on with a micrometer. Such an instruc- 
tion is impracticable. The chief objection I have to the specification 
is that no mention is made of vacuum treatment. I am of opinion that 
the coils of all high-voltage transformers should be dried and impreg- 
nated by a vacuum process. 

The author deals with the old controversy of shell-type construction 
versus core-type. I think this is greatly a war of words. Equally good 
results can be obtained with either form of construction. There is no 
fundamental advantage in the one type ; it is simply a question of how 
the design is worked out. I prefer the core type owing to its greater 
simplicity and the ease with which repairs can be carried out. On 
page 64 the author speaks of the yokes as being of the same cross- 
section as the cores. It is true there is the same flux in both, 
nevertheless it is often more economical to reduce the cross-section of 
the core and increase that of the yoke, owing to a shorter mean turn 
being thereby secured. This was worked out very fully by a writer 
in the Elektrotechnische Zeitschrift! some time ago. Also it often pays 
to make the shape of the coils of core-type transformers elliptical rather 
than round, as mentioned by the author, as this results in a general 
saving in weight and thus in reduced material cost. 

I am sorry that the author has not been able to deal with the ques- 
tion of the breakdown of transformers between the turns nearest the 
terminal when switching on. There has been considerable discussion 
as to whether this can best be avoided by the use of exterior choke 
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coils or by reinforcing the insulation between the terminal layers and 
turns. Iam in favour of the latter course with transformers, as I hold 
they should be complete self-contained units strong enough to with- 
stand the ordinary usage to which they are subjected. With regard 
to the various schemes of connections given, there appears to be a 
mistake in Fig. 12 (A), as all three of the secondary terminals are taken 
off one point. As regards the system of star-delta connections shown 
in Fig. 12, the star being on the primary side, this leads to inferior 
regulation on unbalanced loads. This is easily seen if we consider one 
leg of the secondary delta as being loaded alone, the other two legs 
being not loaded. Then the corresponding primary current has to be 
given by two of the legs of the star; that is to say, the current in one 
of the legs will be out of phase with the voltage and give the same 
regulation as if the secondary current were out of phase considerably 
more than it actually is. The star-delta connection with the delta on 
the primary side is a very good one when lighting and power current 
are both required to be taken from the same transformer. The motors 
are supplied from the three phases and the lighting from phase to 
neutral. With this system the regulation is not affected by unbalanced 
load. The author does well to draw attention to the need of paying 
particular attention to the connections if parallel running is to be 
obtained with 3-phase transformers. The necessity of this is not 
always appreciated. Thus two 3-phase transformers may be con- 
nected in parallel on the low-tension side, and yet it may at the same 
time be impossible to connect them in parallel on the high-tension 
side. The author's recommendation always to use the same method of 
connections is very much to be recommended. I do not understand 
the system of protection adopted in Fig. r4. Presumably the two 
power transformers are similar. I therefore think they should both 
be protected in a similar manner. It seems illogical to protect the 
one with a reverse-current relay and the other one with one of the 
overload type. As regards the “Т” connection for the transformation 
of 3-phase to 2-phase current, this in the 2-transformer method is really 
the Scott connection. The 3-transformer method is new to me. I 
should like to inquire how it compares in regulation and balancing 
with the 2-transformer method. The author states that there is an 
improvement ; does this also refer to unbalanced loading ? 

Mr. R. OnsETTICH : It is extremely difficult to criticise at short 
notice a paper like Mr. Taylor's, the subject matter of which extends 
from the principles of design down to the details of construction of the 
most difficult transformers yet built, viz., those for voltages of 100,000. 
The troubles usually to be experienced with all high-tension trans- 
formers could be classed under three headings. (1) Trouble with 
the terminals, due to short circuits or surges, which sometimes crack 
the porcelain. These have been obviated in extra-high-tension sets 
by the use of the condenser type terminal, consisting of a number 
of concentric tubes, which divide up the strain of the material between 
the severallayers. (2) Moving of coils under the strain put on them in 
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switching on and off heavy loads. This is obviated in all the modern 
types by tightly clamping the core itself, and independently from it the 
coils, so that no movement or vibration is possible either in the portion 
of the winding embedded in the core or in the parts projecting from it. 
Any movement of the coils, of course, means sooner or latter a break- 
down of the insulation. (3) Piercing of the insulation between adjacent 
turns due to surges. This is being obviated by making thc insulation 
on the turns of the first coil of the primary connected to the terminals 
much heavier than on any other coils. A direct test of this incrcased 
insulation is not possible, but it is obtained indirectly by putting 
a pressure equal to double the working pressure between this coil 
and the remaining coils of the same winding, or between this coil 
and the frame. 

Two other points do not appear to have been mentioned in the 
paper—viz., the ageing of iron, and the employment of special alloys 
like “stalloy.”. The controversial question of air-cooled against oil- 
cooled transformers has been settled in practice in favour of the 
oil-cooled ones, and the number of these which are being installed 
every day is far in excess of the other type. I have no doubt, how- 
ever, that it was not only the question of the cooling that settled 
the matter in favour of the oil, but the question of the additional safety 
due to the presence of the oil round the windings, and the fact that the 
exclusion of air meant at the same time exclusion of dust and dirt. 
With regard to the special connections required for a “Т” system of 
transformers mentioned in the paper, one considerable objection seems 
to me to be the number of terminals required on each transformer. 
These on very high-tension transformers would represent а соп- 
siderable weakness of the design, since they increase the chances 
of breakdowns, also the cost of the transformer very considerably. 
Tappings and extra terminals are easily made on transformers of 
moderate voltages, say up to 10,000 volts, but become a very serious 
matter for higher voltages, where simple internal connections are 
essential for safe operation. 

Three specifications are given at the end of the paper, but it is 
not very clear for what purpose. The first two apparently should 
be consulting engineers' specifications, the last one a manufacturer's 
specification. The first two, however, are of very doubtful usefulness, 
as they take the trouble to specify high-permeability iron and low losses 
without giving any limit or loss factor, and, on the other hand, omit 
to specify such items as efficiency and regulation, dielectric test 
for the oil, temperature of the water available for cooling the oil, 
or the method of supporting, lifting, and moving the tank (truck). In 
the manufacturing specification the thickness of the coating of varnish 
is specified to three decimals of an inch, while the vacuum impregnating 
oven is ignored, and the cause of the hardening of varnish is entirely 
misunderstood, being put down to heating, whereas it is due to ап 
oxidising process. 

Mr. A. M. TAYLOR : The author's paper is written from the point of 
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view of South American experience, where very high voltages are the Mr. A. M. 
rule and frequent breakdowns apparently not the exception. The 72! 
voltages being so high, transformer breakdowns are much more 
frequent than in this country. Hence there is probably much point 
in the author's strong preference for delta connection of the primary of 
step-down transformers; in that the open delta could be resorted to in 
case of a breakdown, thus dispensing with the broken-down transformer. 
For similar reasons the author preferred single-phase to 3-phase trans- 
formers, the reason being that it is not possible so easily to get rid 
of the broken-down limb with the latter, whilst a single-phase trans- 
former can easily be removed from the circuit. 

These breakdowns with 3-phase transformers are not at all so 
frequent in Great Britain, as the voltages are so much lower. Three- 
phase transformers also appear to be favoured on the Continent. Ina 
comparatively recent installation at the Lóntsch station, in Switzer- 
land, Messrs. Brown, Boveri & Co. have installed 3-phase trans- 
formers for a 48,500-volt transmission. "These transformers are each of 
5,250-k.v.a. capacity for5o periods. They are water cooled, and there- 
fore comparable with those given in Mr. Taylor's Table III. 

Some English transformers of 1,700-k.v.a. capacity 25 periods and 
oil-cooled, might be compared with the air-cooled transformers in 
Mr. Taylors paper. These English transformers have now been 
running most successfully for three years in one of the largest English 
stations. In comparing the English and Continental transformers 
with the 4,000-k.w. transformers in Mr. Taylor's Table III., unfor- 
tunately Mr. Taylor has omitted to give any clue as to whether his 
table referred to 3-phase or single-phase transformers. Perhaps hc 
will make good the omission in his reply. The figures are given 
below and on page 126. 

If Mr. Taylor's Table III. referred to single-phase transformers the 
kilowatts per square foot would, no doubt, have come out much lower 
than the figures given above. In the case of the 1,700-k.v.a. trans- 
formers he knew that the floor space was a very important considera- 
tion, and where sub-stations have to be placed in the hearts of big 
towns it would be of much more importance than it naturally could 


1,700-k.v.a. Air-cooled Trans- 4,000-k.w. (Table 111.) Air-cooled. 
former. 
(Dimensions, 86 in. x 25 in. (Dimensions, go in. X 74 in. 
х 98 in. high.) X 137 in. high.) 
Kilowatts per square foot 55 Kilowatts per square foot 86:5 
Kilowatts per cubic foot 6% Kilowatts per cubic foot 76 
Gallons of oil  ... .. 640 Cubic feet of air per 
Gallons per kilowatt ... 05376 minute ... TP e. 6,750 
Cubic feet of air per Periodicity .. € 25 
minute... sae eos 7,500 


Periodicity 528 .. 28 
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Mr. A. м. 400-k.w. (Table III.) Water- 5,250-k.v.a. (Brown-Boveri) Water- 
Se cooled. cooled. 


(Dimensions, 107 in. х 63 in. 
X 150 in. high.) 
Kilowatts per square foot 86 
Kilowatts per cubic foot 6'85 


(Dimensions, 82 in. X 59 in. 
X 136 in. high.) 


Kilowatts per square foot 162 
Kilowatts per cubic foot 1472 


Gallons of oil 1,950 Gallons of oil I,130 

Gallons per kilowatt ... 049 Gallons per kilowatt 07215 

Periodicity ye e. 25 Periodicity sid .. 50 
Full-load efficiency 98:95 
Half-load efficiency 98:85 


Voltage drop (Р.Е. = т) 062% 
Voltage drop (P.F. 20:8) 30% 


be in South America. I think, therefore, that taking into consideration 
the lowness of pressures in this country, and the consequent ease of 
designing transformers to stand these pressures, we are warranted 
in installing 3-phase transformers in most cases. 

As to the “Т” 3-transformer method, I have not had time to 
consider this ; but it seems a good featurc to be able to change to the 
Scott system if one transformer broke down. The author did not show 
how he obtained the 2-phase current with open delta, or what advantage 
the latter had over the Scott system. Perhaps he will supply this infor- 
mation. 
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THE MECHANICAL DESIGN OF DIRECT- 
CURRENT TURBO-GENERATORS. 


By R. J. ROBERTS, Associate Member. 


(Paper received October 6, 1911 ; and read before the MANCHESTER LOCAL 
SECTION on November 7, 1911.) 
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The latest type of electrical machine is the high-speed or turbo- 
generator. The alternating-current turbo-generator is now manu- 
factured by several of our largest manufacturers in standard lines; 
but these took several years of enquiry and experience before they 
arrived at their present excellence of design. The difficulties or 
deficiencies in knowledge were both electrical and mechanical, and 
as the problems involved were simpler than those of the direct-current 
turbo-generator, their construction was first understood. Although 
the first turbo-generator built was a direct-current one, progress with 
these machines has not been as great as might have been expected. 

Much has been written upon the electrical design, but still much 
experimenting and investigation is needed before our knowledge іп 
this direction can be called sufficient. The mechanical difficulties are 
also great and just as important'of solution, and it is the author's object 
to show some of these difficulties and generally to consider their 
solution. 
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COMMON DEFECTS. 


The most common defects are found in the collecting gear, and 
take the form of sparking, which is not necessarily an electrical defect, 
and may arisc from— 


(a) Unsuitable brush-gear or collectors. 
(b) Want of balance generally. 
(c) Unstable construction of commutator. 


(a) May be caused by the transmission of vibration from other 
parts of the machine, from insufficient or too much pressure on the 
brushes, or even from an unsuitable brush-holder that permits the 
brushes to rock. 

(b) This is possibly caused from movement of some part of the 
rotor after original balancing, or even during a run. Further, it may 
be due to insufficient care having been originally taken in balancing 
each unit of rotor before assembling, which possibly may mean an 
excentric displacement of the commutator surface to obtain good 
balance. Lastly, a possible cause of this trouble is the critical speed 
being too near the running speed, but this is very seldom seen in 
recent machines. 

(c) By unstable construction of commutator is meant insufficient 
strength to hold together when running, or to remain true to its original 
axis of revolution after a period of running. This is seen by the rising 
of the insulating mica segments between bars, and may be due to 
defective mica, or to the movement of one or more of the shrink rings ; 
or even to the failure of the support of the commutator bars, necessarily 
of some insulation, to stand the various expansion strains or the grind- 
ing action of flexure of the shaft relative to commutator. 

Another common defect is found in the insulation. It is noticed 
that all high-speed machines, especially with forced ventilation, rapidly 
accumulate dirt or soot; and frequently it accumulates where it is 
impossible to clean, either by blowing or brushing. On direct-current 
machines it is impossible to do without exposed conductors, and this 
dirt accumulates and possibly bridges the creepage surface from 
conductor to earth, or from conductor to conductor. Again, the 
insulation, although of ample dielectric strength, may not be strong 
enough to stand the mechanical stresses put upon it. 

The bands are another frequent source of trouble, and this trouble 
is the most disastrous of all. The bands over the armature end 
windings, whether of wire, forgings, or castings, sometimes break, 
which, of course, means a wrecked machine. 

A broken or bent shaft seldom occurs excepting after a burst. 

Practically the only defect in the stator is in the insulation, as the 
forces acting upon the stator conductors, due to a short circuit, are not 
so great as are found in the alternating-current turbo generator. 
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STATOR OR FIELD MAGNET. 


The design and construction of this part is one of the simplest 
details of this class of machine. ` 

Broadly speaking, there are two types of stators commonly used, 
viz., those with laminated, and those with solid or cast yokes. These 
may be subdivided into three groups by the styles of windings used, 
viz., the distributed or Deri compensating winding, the interpole 
compensating device, and the use of interpoles and distributed 
compensating windings. The latter combination generally finds most 
favour in this country with solid cast magnet system, and laminated 
pole-shoes which carry the compensating windings in slots punched 
in them. 

The whole design of carcase must, of course, conform to the scheme 
of ventilation used. The windings should be arranged so that the 
cooling air may have ready access to all conductors, and yet leave no 
pockets for hot air. Further, ample clearances must be given for the 
winder to do his work well and neatly, which are, of course, matters of 
judgment and experience. All conductors must be clamped so as not 
to leave more than a то-іп. length unsupported. 


VENTILATION. 


Forced ventilation of some sort is necessary with turbo-generators 
because of the large loss occurring in a small bulk ; and owing to the 
high peripheral speeds employed, total enclosing of the machine greatly 
reduces the noise caused by the high air velocities. 

The radial ventilating ducts in the rotor core must not be placed 
directly opposite similar ducts in the pole-faces, as whistling or shrieking 
is the inevitable result. 

The ventilating scheme usually met with entails the entrance of air 
at the back end (away from commutator) by means of fans affixed to 
rotor at that end. Part of the stream of air goes direct to the stator 
and thence out through the top outlet; whilst the greater part goes 
through into the rotor by axial ducts in core along the shaft. Part of 
this stream goes out through the radial ducts in rotor and stator and 
thence out ; whilst another is drawn through the rotor core right to the 
commutator, whence it is driven by some fan up to the stator end 
windings and so out through the top outlet (see Fig. 1). 

The greater bulk of loss in a turbo-generator is generated in the 
rotor, and too much fan, although increasing the total quantity of air 
driven through machine, increases the losses and provides more heat to 
be dissipated ; and the aim of the mechanical designer should be to get 
the greatest quantity of air through that part producing greatest loss, 
with the expenditure of least power. 

With large alternating-current turbo-generators it is now common 
practice, not only to employ forced ventilation, but also to clean and 
scrub the air before it is introduced to the machine. With direct- 
current machines these precautions are not so necessary because of 
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the lower generating voltage ; but it is not advisable to use the enginc- 
room atmosphere for ventilating purposes, as it contains so much steam 
and oil in suspension. In some parts of England the outside air is not 
any cleaner than the engine-room atmosphere, and in time it coats the 
machine with a highly dangerous deposit of greasy soot. If it were pos- 
sible to build a direct-current generator without any exposed conductors 
this dirt would not be so dangerous; but unfortunately this is not 
possible. Then the creepage surface from exposed conductor to earth 
must be as large as that which experience indicates, or it must be 
formed so that it may be kept clean by the streams of air passing 
over it. 
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It is now usual to find dust screens fitted in the air ducts to turbo- 
generators. Although these are to a certain extent expensive and 
troublesome, they are perhaps the simplest and cheapest remedy we 
have for keeping the machine clean. It has been suggested to make 
the machines simply totally enclosed, and to cool them either with 
a water jacket or with a carbon dioxide or ammonia freezing plant. 
These schemes are more complicated and costly, as a rule, than any 
dust screen would be, and certainly more dangerous. 

To cool large transformers it is usual to pass the transformer oil 
through a cooling system of water pipes. Then it appears practicable 
to pass the cooling air of a generator through a similar system, which 
might conveniently be placed under the generator, and so use the same 
air over and over again without it being contaminated with external 
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air. A leaky or burst water pipe would then be of little consequence, 
unless the velocity of air in cooler was sufficient to carry drops of 
water into the generator. This scheme, however, would generally be 
more expensive, though less troublesome, than a dust screen, but is 
particularly adaptable for a separately driven fan. 

The quantity of air generally used for cooling purposes is 80 to 100 
cub. ft. per minute per kilowatt loss ; and, of course, where the com- 
mutator is separately cooled the commutator losses are excluded. The 
power required for fans and air friction is generally a large proportion 
of the total loss. 

With certain assumptions the following table gives customary fan 
losses for various sizes of machines with a scheme of ventilation as 
shown in Fig. 1 :— 


Total Output, | Kilowatt loss, Loss, Cubic Feet Air, Жалы Fan Loss, рег 
Kilowatts. per Cent. Kilowatts. per Minute. | Fan, in Kilo- Cent. 
watts 
100 IO'O 10°00 40 4700 
150 о 13:50 54 3°60 
200 о 16°00 64 3°20 
250 75 1875 05 3700 
300 7O 21°00 4 2:80 
400 `7 26°80 107 2°68 
500 64 32700 1278 2:56 
750 бо 45°00 180 2740 


One k.w. рег roo cub. ft. of dry air per minute will raise the 
temperature of air 30° F. The improvement gained by having the 
supply of air at a lower temperature than that of the engine-room is 
easily noticed. The difference in temperature of the outside air and 
that of an engine-room is frequently from 20° F. to 60° F. 

An improvement in fan loss might possibly be secured by doing 
away with radial ventilating ducts in rotor and merely using axial 
ducts as shown in Fig. 2. The adoption of this or a similar scheme 
would mean a reduction in fan loss of і to 14 per cent. Further, а 
still greater reduction might be obtained by discarding inefficient 
fans on rotor and using a more efficient separately driven fan. 


SHAFT. 


In the early days of the manufacture of these machines the 
critical speed of the shaft was often a thing little understood. Now- 
adays, however, so much has it been investigated and written upon 
that its accurate calculation no longer offers any great difficulties. 
There is, however, one uncertainty, which is offered by the necessary 
factor to be allowed for a rigid or self-aligning bearing. It is the 
author's experience that, excepting where a shaft is continuous, all 
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bearings should be treated as self-aligning. ‘The reason for this is that 
the running clearance in a forced lubrication bearing is generally so 
large as to prevent the bearing having any influence upon the critical 
speed of the shaft. Further, the erector’s fear of a heated bearing 
frequently induces him to scrape the bearings before erection; in 
fact, he will sometimes scrape them for each erection irrespective of 
whether they have been scraped before. The author knew of a 
machine with rigid bearings that ran well with at least 10 mils clear- 
ance all round the shaft, and a want of truth of circularity of bear- 
ing bush of at least 5 mils. 


The absolute circularity of the shaft in journal calls for particular 
care if good balance is to be attained. 

A well forged axle stecl shaft is generally good enough for this 
class of machine. The weakest place is usually in the journal, and 
it is the size of journal that fixes the quality of steel, which is also 
fixed by whether the generator runs above or below its first critical 
speed. The ultimate strength should be from 35 to 40 tons per square 
inch, and the elastic limit 25 to 30 tons per square inch. The carbon 
should be о per cent., and sulphur and phosphorus less than 0°035 
per cent. each. Owing to the tendency of long shafts to warp during 
turning it is desirable to anneal them carefully before the finishing 
cuts and grinding are attempted. 

The stresses that may occur in a revolving shaft are generally 
incalculable, because it all depends upon the method of balancing 
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used, and upon the skill of the balancer, who generally has an inclina- 
tion to force it through the critical speed in order to get clearer 
markings for the out-of-balance points. The author has known a 
shaft to vibrate under these conditions to ten times its static deflection, 
thereby producing a stress of over 20,000 Ibs. per square inch. 


BALANCING. 


The whole art of balancing can only be learnt and not taught. 
There are laws, but these can only be found out and applied properly 
by the balancer himself who may reason them out or stumble against 
them. The essential attribute of a balancer is patience, without which 
he will be tempted to rush his machine through the critical speed 
before the quality of balance warrants it. Excessive vibration may 
not only damage the shaft, but it may also damage other parts of the 
rotor, notably the supports of the commutator. 

The balance weights should preferably all be of the same mass and 
affixed at the same radius, or where this is not practicable they should 
be of a mass inversely proportional to their radii of gyration. 

For the purpose of balancing, the author prefers very rigidly fixed 
bearings with ample clearances round the shaft to any form of spring 
controlléd or sliding bearings, as these latter have an unfortunate habit 
of setting up vibrations of their own which may seriously affect the 
positions of balance markings. 

Before assembling the rotor, the different parts should be separately 
balanced by themselves; but too much care in this is frequently 
thrown away, as the rotor windings are often irregular and have a 
greater influence upon the balance than other parts of rotor. 


RoTOR CORE. 


This is always of stampings, and in complete circles. Neglecting 
tooth stresses, the stresses occurring in these discs are similar to those 
occurring in disc flywheels, and are capable of similar treatment. The 
maximum stress is always at the centre next to the shaft, and if this 
stress is appreciable there will be a tendency for the whole core to be 
loose at full speed. 

To see if this looseness would be noticeable a typical case is given of 
a core 22} in. outside diameter, and о in. inside diameter, 224 in. 
long, running at 3,000 revs. per minute. 

The maximum stress at inner periphery is 12,600 lbs. per square inch, 
which gives a strain of о"0038 іп. оп the diameter. The increase in 
diameter of a g-in. shaft is oʻo00095 in., and is here negligible. 

The weight of core is 2,200 lbs., and the possible change in position of 
centre of gravity is 0'0038 in. This would be equivalent to 0'75 Ib. at 
periphery, which is morethan sufficient to upset the balance. 

The core should therefore be so fixed to shaft that it cannot become 
loose. Shrinking the plates on the shaft may increase the core losses, 
and stampings cannot satisfactorily be pressed on. However, this may 


184 ROBERTS: MECHANICAL DESIGN OF DIRECT- [Nov. Tth, 


- be overcome by suitably designing the shaft and core so that the dia- 
metrical strains of shaft and core are equal. 

It has been proposed to build the stampings upon a sort of cylinder, 
fluted axially on both inside and outside peripheries, that may after- 
wards be pressed upon the shaft with sufficient straining to prevent 
the core ever becoming loose relative to the shaft. This at first sight 
appears a good solution of the problem, but care must be used in the ` 
design of this cylinder lest the core should have a natural frequency 
relative to the shaft of somewhere within the speed of rotation. The 
result of anything like this, though unlikely to happen, would have 
more disastrous effects than the one we are trying to overcome. 


Котов SLOTS AND WEDGES. 


Slotted cores are now almost universely adopted. The shape and 
size of the slots are, of course, settled by electrical considerations, and 


FIG. 3. 


may contain two, four, or six conductors per slot. They have some- 
times been made with closed openings ; but difficulties in reducing the 
reactance voltage per segment of commutator has resulted in the 
adoption of open slots, the armature conductors being retained in 
place by means of wedges driven into recesses in the teeth. 

The use of wooden or fibre wedges in slots is most general; but 
with the higher peripheral speeds this means a great depth of wedge, 
which can be accounted some loss of utilisation of material. To reduce 
this depth of wedge it is customary to half-close the slots and thus 
reduce the span of wedge. With two bars per slot, each bar is usually 
divided into three separate ones in parallel, which not only reduces the 
eddy-current loss in conductors, but also enables the bars to be put 
into slots with narrow openings. The middle bar is dropped in last 
between the other two, With four bars per slot the slot opening is 
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often placed to one side, so that the bars can be dropped in one by one, 
and yet leave the slot opening about one half the slot width (see Fig. 3). 

Sometimes metal wedges insulated from the core are used, and 
perhaps this is a step in the right direction ; but not only are they 
difficult to drive into place, but the eddy currents induced in them must 
mean some increase in total rotor loss. What is needed is a hard, 
tough insulating non-hygroscopic material that can be machined to fit 
slots. A solution may be found in the use of wedges formed of a com- 
bination of metal and insulating fibre after the manner of reinforced 
concrete. 

RoroR WINDING. 

The rotor end connections are usually of the ordinary diamond or 
barrel type tightly packed together on top of the winding drums. 
Each separate conductor must be well taped and insulated from its 
neighbour, and a substantial band of insulation must be put between 
the top and bottom layers. This insulation should be selected more 
for^mechanical than for dielectric strength and should be able to take 
up any small strain without tearing or buckling. The same remarks 
apply to the insulation used on top of winding supports, and under the 
bands or retaining rings. Some prefer micanite, which, when soft, 
can be moulded to a certain extent, and so is capable of taking a new 
shape without cracking or buckling. Others use a combination of 
leatheroid and micanite, the leatheroid being in overlapping segments 
and giving the necessary mechanical strength whilst the micanite gives 
the dielectric strength. 

At the back end of the armature there is no need for any exposed 
connections, and so the winding can be finished off and leave no 
exposed part of the current-carrying system. At the commutator end, 
however, this is not attainable because of the large number of com- 
mutator risers which are of necessity exposed; and this place is 
the weakest of all for insulating purposes. It is generally necessary 
for cooling purposes to have air flowing axially through the core and 
risers. Where the conductors leave the support of the winding drum, 
there is a high velocity current of air which will deposit dirt rapidly 
into any corner or eddy. The result to be obtained here is not only a 
sufficient creepage surface, butithe elimination of all corners or ledges 
where dirt might collect. 

Series armature windings are seldom used because of the high 
current value per conductor. Equalising connections are used for 
the following reasons :— 

(a) No absolute reliance can be placed upon the axis of rotation 
coinciding with the axis of shaft. 

(b) It is well known that whereas the shaft remains bent to the 
line of deflection before the first critical speed is reached, 
it afterwards becomes straight, thereby raising the rotor. 

(c) During the setting of armature in field the armature is neces- 
sarily stationary, and when running the pressure of the oil 
in bearings raises the shaft off the journal, 
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Thus it is seen that equalisers are absolutely necessary with a field 
of more than two poles. They must be well insulated, and should not 
show the bare conductor, upon which dirt may collect. They must be 
very rigidly fixed and supported, lest they should move and so cause 
unstable balance and harm to the insulation. Sometimes they are 
built in as part of the commutator, and sometimes arranged under the, 
commutator end winding with connections taken to'the commutator 
risers. The best position, to the author’s mind, is at the back end 
under the band. The equalisers are made of complete rings of copper 
with projecting tags that are sweated on to the armature conductors. 
The whole (Fig. 4) is first firmly packed up with insulating strips of 
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FIG. 4. 


presspahn or fibre and then banded, which holds everything absolutely 
rigid and well covered up. 


ROTOR END-PLATES. 


The rotor end-plates and winding supports should be of some 
non-magnetic material, to reduce eddy currents set up by the field 
around the armature conductors. They should be shrunk on to the 
shaft, the same argument applying here as for the armature core. 


BANDING OR END-WINDING SHEATHS, 


There are many different opinions as to the relative merit of 
employing wire bands or solid metal rings for taking the centrifugal 
forces of the end armature winding. Here the problem is slightly 
different from that of the alternating-current turbo-generator, as the 
winding is symmetrical, whereas in the alternating-current generator 
rotor it seldom 15. 

The advantages of a solid sheath are not many, and beyond being 
able to retain its shape more easily under an inequality of loading, and 
being in one piece and looking more like an engineering job, there is 
little to be said in its favour, 
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Its defects are many. First, it must be shrunk on, and once on 
it is not easily taken off if there is movement of winding noticed. 
Secondly, as it is put on hot and slid over the winding, there is 
nothing to show if the insulation remains as perfect as one could 
wish, An even quality of metal is uncertain, and so is the loading, 
because the windings may not be bearing upon it evenly, which may 
cause an excessive local stress; whilst it is uncertain if it holds the 
winding down hard against the winding drum. 

The advantages of wire are as many. Its uniform quality can 
usually be guaranteed, and a flaw can be noticed when put on. The 
winding on of the band in no way disturbs the insulation underneath, 
and at the same time presses each individual conductor down hard 
into its place, and so gives less chance of movement. If there is a 
possible excessive local stress, the material can be of a more ductile 
nature than is obtainable in the solid rings. 

The disadvantages with wire are that it takes longer to put on, and 
that the ends need to be firmly anchored. The first is set off by the 
ease with which it may be taken off and put on again, and the latter 
point is not: one of great difficulty. Even during a burst the wire is 
superior to the solid ring ; for if the wire does burst it comes off in 
small pieces which cannot do much damage; but if the solid ring 
bursts it will probably break the stator end shields and there is no 
telling where its travels may end. 

It is not advisable to use round wire for the bands, as it has a 
smaller space factor than square or rectangular wire, and if it is of 
greater section than No. 16 gauge, the ends will need to be mechanic- 
ally anchored, in which case a rectangular section, say үү in. х } in., 
is far easier to handle. With regard to the tension оп the wire when 
winding, the analogy is scarcely that of the wire gun where the wire is 
wound upon a solid base and the tension increased from the inside to 
outside. With the winding of wire upon insulation the reverse should 
be the process because of the yielding base, and further a break in the 
wire is to be preferred on the inside where it cannot get loose to the 
outside, when it would make all come loose. 

À burst band is, however, not always caused by the weakness of the 
band itself, but may be the result of an arc starting in the winding and 
burning through the band or part thereof. 


COMMUTATORS. 

The ordinary vee-ring commutator has been very successful on the 
ordinary-speed machines, but it is doubtful if it has ever been success- 
fully built for turbo-speeds. Indeed the shrink-ring type of con- 
struction has found favour for very long commutators upon normal 
speed machines. 

Rings shrunk upon the outside periphery of a cylinder of com- 
mutator segments, with an interposed band of insulation, constitute a 
shrink-ring commutator. The whole appears a beautifully solid unit 
that only needs proper mounting and connecting to the armature 
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windings. The majority of the usual defects are traceable to the 
commutator, and it appears to the author to be of the greatest import- 
ance that this should not only be carefully built, but also correctly 
designed. | 

There are two types of commutator, the axial and the radial face. 
The latter is a splendidly conceived design, but offers some different 
aspects of design, and is essentially easier than that of the axial face. 
They both, however, offer the same problem in mounting; and the 
axial commutator only is considered here, as this is the more common 
and complex of the two. 


BUILDING AND CONSTRUCTION, 


The building and construction of these commutators call for great 
care in workmanship. The segments after proper preparation are 
assembled in jigs in the usual manner, whilst care is taken that the 
segments lie parallel to the axis of the cylinder. The insulating 
segments contain as a rule a quantity of superfluous varnish, and this 
is got rid of by successive bakings and tightening of clamps. The 
whole whilst still in clamps is next turned for the insulating bands 
under the rings, and banded with temporary bands of steel wire upon 
that portion of face where the shrink rings do not come. These bands 
must not be thick enough to prevent the shrink rings passing frcely 
over them. The insulating bands are next built up in place, banded 
with fine steel wire, and the clamps removed. The shrink rings are 
then shrunk on and the whole cylinder is machined where needed and 
mounted upon the rotor. | 

The advantages of having a non-inflammable surface of fine wire 
: for the ring to shrink оп is easily apparent, but doubts have been ex- 
pressed as to the advisability of this wire for other reasons, the chief 
objections being that it will knot and possibly injure the evenness of 
mica band, or that it will cut the mica itself into pieces. The first 
point is easily settled from experience, which shows that no effects of 
this kind are noticeable. The same is found with the second objection, 
but it will generally be noticed that the pressure upon each wirc, say 
of No. 28 gauge, will seldom exceed 100 Ibs. per inch of length. In 
fact, when an experimental ring was cut it was found that the hot 
shrink ring had annealed the wire and partially flattened it, and that 
beyond a distinct marking of the mica there was no sign of any cutting. 
Further, if the ends of wire were left sticking out beyond the ring, it 
was found impossible to pull any out from under the ring, because the 
wire sooner broke where it was held at all. 

It is the practice of some manufacturers to leave the insulating 
bands projecting beyond the rings, whilst others prefer to turn the 
mica off flush with ring. Thelatter makes a thoroughly good job, and 
when new the breakdown voltage, rings to segments, under these con- 
ditions is practically the same that is required for an air-gap equal to 
the thickness of insulating band, 1.е., 1,000 volts per à in. However, 
after running some time this mica face becomes coated with dust, and 
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becomes dangerous if allowed to get too dirty. Similar machines, 
however, have been run for years without any trouble from this source, 
probably because it is so easy to clean the surface of the mica by 
merely wiping it when cleaning the commutator.: 

A projection of the mica beyond the ring certainly increases the 
creepage surface, but for this surface to be cfficient it must be smooth 
and free from interstices. To attain this end it is not sufficient to leave 
the mica projecting beyond ring when shrinking on and use this for 
the finished projection, as it springs up and is very loose and springy ; 
but the shrink ring should be cut away from the mica, which is then 
left lying close and compact against the copper face. The length of 
projection possible can only be deduced from practice, but theoretically 
it varies as follows :— 


Б constant 
Length of projection = (ar eter of commutator)’ x velocity 


INSULATING SEGMENTS. 


It is most important in choosing the micanite segments to get them 
as free from superfluous varnish as is practicable. Frequently the 
effect of this varnish is only seen in the shrinking on of the rings when 
the high temperature evaporates the caged spirit, which, bursting out, 
blows out pieces of mica. It has been proposed to use pure mica strip 
instead of micanite for this purpose, and to use several pieces per 
segment to avoid the high cost of large pieces. This should produce 
good results, but would necessitate greater care in assembling. 

There has recently been put upon the market a form of micanite 
that has no varnish in its composition, and although dearer, is much to 
be preferred to the ordinary quality. This micanite is stoved at a red 
heat during its process of manufacture. 

In the past it was common practice to anchor the micanite by 
means of a sharp angle in the copper segments, but this would only 
tend to break off pieces of mica, and if there is no tangential pressure 
at that point during running, this micanite will fly out. Pure mica in 
very thin strips has a high tensile strength— 10,000 to 15,000 lbs./sq. in. ; 
but it is not practicable to reckon on this because of the composite 
and flaky nature of the micanite. Therefore in designing a com- 
mutator we must see that there is always sufficient tangential pressure 
between copper segments to retain a unit of mica. 


INSULATING BANDS. 


The micanite insulating bands under the shrink rings should 
preferably be built of strips of segments of pure mica of 20 or 30 
mils thickness. Sufficient numbers of these are used by even layering 
to give the required total thickness of band. The use of shellac or 
other varnish as a binding material is to be deprecated, as it only 
introduces an additional yielding substance for the ring to shrink 
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upon. Under the ring there is no need for any binding cement ; 
and at the edges varnish would have litie effect in binding the laminze 
at running temperatures, which are generally high enough to make 
the varnish soft and plastic. 


THEORY OF CONSTRUCTION OF COMMUTATOR. 


To investigate a turbo-commutator it is best that we should take the 
simplest possible case, and then from its theory deduce the laws and 
formula for others. 

The simplest practical commutator is a two-ring, and has a ring 
at each end of the segments. As the rings are shrunk on, there 
will be a hoop tension therein, and a corresponding reaction or 
hoop compression in the segments—Fig. 5 (a) The compression 
hoop stress in segments may be resolved into a series of radial forces 
tending to drive each segment out again— Fig. 5 (b). Further, it is 
noticed the compression stress is not necessarily limited to tbat 


(а) (5) (е) 
FIG. 5. 


portion of segments immediately under the ring, but is distributed 
along the segments. Hence, as there is a force pushing cach segment 
out again, and as each segment is not absolutely rigid, it will bend, 
and by that means lower the compression stress at that point of 
segment proportionally to the amount it deflects. The degree of 
loading upon each segment pushing it out again will vary, and the 
maximum load is at the ends where there is no deflection and a 
minimum at the middle where there will be the greatest deflection— 
Fig. 5 (с). 

The line of deflection of any approximately evenly loaded beam 
of even section approximates to a parabolic curve, so that practically 
we shall not be much in error if we assume that the degree of loading 
follows in every case the similar curve. Upon taking a case such as 
we mect in a commutator, and assuming that the total reaction is the 
constant, we find that by increasing the length of span, ultimately we 
must reach a particular length such that the reaction in centre of span 
becomes zero. 

The formulz for the deflection of a beam of even section where 
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the load varies from zero in centre of span to maximum at ends 
such that— 


X = distance of point from centre of span 
w — load per unit length = X? 


. W L3 . 
max. deflection == 137 Et (see Appendix I.) ; 


where W is the total load, and where h is the maximum load in- 
tensity we get— 


max. "T (see Appendix I) . . . . . (1) 


— 41 E 


The different values of the factor in the denominator are given 
by Curve I. for any value of min./max. load. 


50 100 200 300 400 


CURVE I 


h is not the same as the tangential pressure, but is a function 
of the number of segments. 

Where Н = tangential pressure, апа N = No. of copper segments 
per circle— 


zt 


т 

N "A (2) 
or conversely— 
N 


Let the depth of bar corresponding to any span L be such that 
the degree of load in centre of span is zero, and that it rises thence to 
a maximum й at end of span ; let this depth of bar be A. 
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The reduction in diameter due to shrinking, which is twice the 
deflection of one segment, in terms of maximum tangential pressure— 


ні, HL 
^ SE. TE? 
and in terms of maximum radial loading— 


EN Ta 1 BN(D—NT,) 
^ 2 п? 10 2 v? 105 106 


(3) 


E,, = Young's modulus for mica = ro*. 

E, = Young's modulus for copper = 165 X 10*. 
L,, — length of mica in mean circumference. 

L, — length of copper in mean circumference. 
T, = thickness of one mica segment. 

D - mean diameter of commutator bars. 


Then by equating half of (3) with (1) we may obtain a formula 
connecting A and L (span) for any commutator :— 


(кмет. крит, h Ls 
2\ 2 s? 106 2 x° 16°5 10° дт EI 
h L412 


нр МТ, 
41116°5 10° Аз (= ) 


7800 L* = 411 A3(1 D — N T4) (155 N T, + « D) 
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Having obtained the value of А for any particular commutator, 
we may now easily find the condition of loading min./max. for any 
increased value of A. 

Let Z be any new degree of min./max. loading, then the new 
deflection for an increased value of A will be = 1 — Z. 

Let A x be any increased value of A. 

Then original deflection for A— 


h L^ 12 


411 EA- t 


New deflection— 
h L4 12 
K E (A х) 
hLs12 — (1—2)hL*12 
KE(Axp | 411EA5 


I—Z-— 


I 1-2 
Kx ^ дїї 
L3 411 
* K (1 — 2) 


where K is the constant of deflection for the new degree of loading. 
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These values of А are plotted on Curve II., and Curve III. gives 
the total area of loads diagram in terms of maximum load into length 
for all values of min./max. load. 


CURVE II. 


It is a criterion of good construction in a commutator that there 
must be no loosening of any part when run up to speed. We must 
therefore see that the initial deflection given to the bars is always as 

great as that due to centrifugal forces. 


load factor. 
3 4 5 6 2 8 9 I 


CURVE III. 


Let the deflection due to centrifugal forces be д, and the deflection 
due to initial shrinkage or rings be 4, Then to satisfy the specified 
conditions à, must be not less than 2,. 
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CURVE IV. 


CURVE V. 
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The ratio of initial stress іп rings to the centrifugal stress is obtained 
by equating these two deflections :— 


imo up 
02—384 EI 
W, L3 ; 
в, = 17 (where С is a constant for any 


particular loading min./max.) 


-. Ratio initial to centrifugal stress іп rings— 


Wi С 
W, 768 


These values are plotted on Curve IV. 
Curve V. gives the constant for bending moment in formulze— 


WL 
В.М. = eC 


for any value min./max. load ;. whence the initial bending stresses in 
bars are easily found. 

From the preceding theory of construction it will be noticed that in 
calculating the expansion stresses the simple area of bars should not be 
used in the calculations, but rather a reduced area of same correspond- 
ing to the area of load diagram. Thus in a two-ring commutator with 
a depth of bar corresponding to A it will be seen that the expansion 
stresses may be three times greater than if simply the area of bars had ` 
been used.* 

Since every bar of a commutator treated as a beam will contain a 
simply supported beam, we may conveniently treat all other designs. 
comparatively with that of a two-ring. Thus each end span of a three- 
ring commutator is equivalent to a simple beam, as we have already 
considered, and a cantilever supporting one end of the simple beam. 
The middle span of a four-ring commutator consists of a simple beam 
supported at the ends of two cantilevers. 

The length of a cantilever relative to the span of the simple beam 
is given by Curve VI. for values of min./max. load in simple beam only 
(see Appendix II.). 

Curve VII. gives the ratio of initial bending moment in cantilever 
to that in the simple beam. 


* R. Livingstone, * The Mechanical Design and Construction of Commutators." 
London, 1907. 
VOL. 48. 10 
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Curve VIII. gives the ratio of reaction upon centre ring to that 
upon an end ring of a three-ring commutator given in terms of 
min./max. load upon the simple beam only. 


CURVE VI. 


Curve IX. gives the ratio of maximum intensity of load on middle 
ring to that on ап end ring, also in terms of max./min. load on simple | 
beam only. 


25 БЫ 


CURVE VII. 


The value of А іп a span other than that of a simple commutator 
is easily got by trial and error. The length of total span for a 
simple two-ring commutator is best taken as the length from outside 
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of ring to outside of ring; for a three-ring commutator, from outside 
of end ring to middle of middle ring; and for the middle span of a 
four-ring commutator from the middle of each ring. 


тіп ах. load. 


CURVE VIII. 


COMMUTATOR RING SHRINKAGE. 


The theoretical shrinkage allowances may be found by summing 
up the decrease in diameter of the bars due to the maximum tan- 


о І гі I:2 L3 га 1:5 I6 
CURVE IX. 


gential pressure and the increase in diameter of the ring due to the 
expected initial stress therein. This will be found, as a rule, to give too 
small a value for the shop to work to, because of the unevenness of the 
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mica band, or rather the want of circularity of the wire band over 
mica caused by uneven layering of mica; hence something must be 
added to the values found to allow for this, as well as for the lack 
of elasticity of the mica band and segments. The necessary shrinkage 
allowance, therefore, should be got only from experience, but with 
a knowledge of the theoretical shrinkage allowance and past 
experience it is possible to adjust actual allowances to give the best 
results. 

The actual initial stress in rings may be found by measuring the 
strain after shrinking. This may conveniently be done by drilling 
a series of small holes in the sides of the rings. A series is needed 
because the rings after shrinking are seldom truly circular. 

With some designs of commutators it is not possible to allow 
sufficient shrinkage allowance on the rings. This difficulty may be 
overcome by using a hydraulic press to make the rings smaller while 
still hot and in place on the commutator. Although these presses are 
reported to be in use on the Continent the author has not heard of 
them being used in England. 


COMMUTATOR MOUNTING. 


The supports of the commutator upon the shaft of the generator 
are important, and are generally found to have been the cause of much 
trouble. The usual method, which has many slight variations, is to 
mount it upon two metal cones insulated with micanite, one at each 
end of the commutator. 

The first possible trouble comes from the expansion of the bars 
themselves, which by several heatings and coolings may ultimately 
grind the micanite to a powder. It has been claimed that by suitable 
selection of the taper of the cones this is overcome in practice, which 
is quite probable ; but such a series of expansions and such different 
combinations of expansions may occur that theoretically this is not 
possible. 

Again, some designs are found with the bars not tapered, but left 
parallel and shrunk upon a uniform sleeve of micanite. This shrinking 
process is an extremely difficult one to carry out successfully, and if it 
is not well done, the diametrical expansion of commutator will make 
it quite loose upon its supports, possibly sufficient to upset the balance 
of the whole machine ; for it must be remembered that there occur 
diametrical as well as longitudinal expansions. 

Some makers use a spring washer behind one of the tapers to 
take up the longitudinal expansion, but this may be a danger rather 
than a remedy unless the tangent of the angle of taper is more 
than the coefficient of friction between micanite and copper or 
iron. 

Commonly, it is found that the diameter of the shaft under the 
commutator is smaller than it should be for a perfect shaft, and the 
difference in slope of the line of deflection of the shaft at the two 
ends of the commutator is appreciable. This causes a great grinding 
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action on the mica at each revolution of machine, and is augmented 
if there is vibration when running through the critical speeds. This 
is not eliminated by any sclection of taper, and the only design the 
author has heard of that does eliminate this trouble is that of Messrs. 
Parsons, by which the whole commutator is hung by steel discs from the 
shrink rings, a construction, however, that calls for great care in design.* 
There are many machines running, nevertheless, where this grinding 
effect has not been experienced even after years of use. These suc- 
. cesses may be attributable to a thoroughly stiff shaft where most 
needed under the commutator, rendered possible by the use of a high 
commutator peripheral speed. In general, it may be said that the shaft 
should be kept fairly uniform in the middle of span, and should not 
be reduced to permit a small diameter of commutator. 


COMMUTATOR RISERS. 


The commutator risers are generally asked to perform two func- 
tions—firstly, to carry the current from winding to commutator, and 
secondly, to act as a fan to draw air through rotor core for cooling 
purposes. The risers should be flexible and strong or else breakages 
will occur. Sometimes they are solid except for the end where con- 
nected to windings, and sometimes flexible right from the commutator 
to winding. With the latter design their centrifugal forces must be 
taken by the rotor banding, which becomes difficult of attainment 
if the ends must be left uncovered for the passage of air. 

Of recent years it has become the practice to use a separate fan for 
the purpose of ventilation, which is quite distinct from the winding 
and is mounted either upon a shrink ring of the commutator or the 
rotor end-plate. This solution of the problem allows the risers to be 
made very flexible, and covered by band. 


COMMUTATOR COOLING. 


The cooling of commutators on turbo-generators is a great problem 
and one that has lately brought forward many solutions. The neatest 
of these is Messrs. Siemens’ design where the cooling air is brought 
through the commutator segments themselves by means of axial ducts 
therein, and drawn through by a fan placed in the middle of the 
commutator. The early commutators had none of these devices, but 
the rings themselves acted as fairly efficient fans and drew the air off 
the commutator whilst fresh cool air took its place. Ап increase in the 
height of the rings increases this effect, but only until the height of 
ring above commutator surface becomes about one-third the distance 
between rings, after which the cooling becomes sensibly less 
efficient. 

BRUSH-GEAR. 


Current collection and commutation has always been and still is a 
rich field for experiment and investigation. Especially is this the case 


* An early design of this type is embodied in Messrs. Brown, Boveri's (British) 
Patent of July 11, 1908. D.R.P., Nov. 9, 1907. 


Current Density. 
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with high peripheral speeds. One of the best published results of 
experiments is given ina paper by Messrs. Rutherford and Cottle * ; 
but even here, though the experimenters took the greatest care, they 
were unable to obtain consistent figures for the friction loss. However, 
the noticeable point obtained was the possible use of higher contact 
current densities with greater brush pressure for the higher peripheral 
spceds. 

Curve X. gives their suggested values of current density and brush 
pressures deduced from their results. The loss per ampere collected 
was fairly regular up to a peripheral speed of 5,000 ft. per minute, after 
which the results appeared to follow no definite law. Current 


10000 14,000 


000 
Per. vel. in fb. per min. 


CURVE Х. 


collection and commutation are two different problems, and their 
comparison is Outside the scope of this paper. 

The wearing away of the brush upon the commutator face is to be 
expected, but it is quite common to find that there occurs considerable 
abrasion of carbon against the holder itself. This is, of course, due to 
the brush pressing against the holder and the inequality of surface of 
commutator or even vibration of holder itself producing the movement. 
Whatever type of brush-holder is used, experience has shown that the 
brushes should preferably not be supported on the bearing because the 
latter transmits the rotor vibrations which may be greatly amplified in 
the brush-gear generally. Attempts have been made to reduce the 
wear in the box by sloping the brush against the rotation of commu- 
tator, but this makes the computation of losses more difficult, if results 
of experiments with radially placed brushes are to be referred to. 


* Fournal of the Institution of Electrical Engineers, vol. 45, p. 679, 1910. 


Loss in watts & brush pressure. 
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CONCLUSION. 


To look forward to probable improvements of construction we see 
that one of the ultimate aims is the decrease in span between bearings. 
This may lead to a reversion to the Eickemeyer or butterfly winding 
for armature, with the equalisers possibly combined in the end 
connections. The core may be mounted and the slot wedges con- 
structed as suggested above, or some new material of construction may 
be found. The radial type of commutator is possibly the ultimate 
general design, but it will be some years before this type is generally 
adopted, and in the meantime we may effect great improvements by the 
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use of higher brush pressures and higher current densities апа регі- 
pheral speeds. A suggestion for mounting of commutator is shown in 
Fig.6. The brush-holders are yet very far from perfect, and possibly 
the present almost universal box-type holder will disappear for some 
form of the old lever-type holder. 

The present ventilating schemes need much improvement, and an 
air-cooling system with a separately driven circulating fan is a probable 
solution. 

The author is far from taking a pessimistic view of the future of 
direct-current turbo-generators, and he believes that it is possible to 
make them as reliable as any other electrical machine. He is of 
opinion that their mediocre performance in the past has been caused 
by an inadequate comprehension of the mechanical problems. 
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APPENDIX I. 


Deflection of a beam of uniform section loaded in such a manner 
that the load per unit length decreases with an increase in deflection. 

Let B C be any beam of uniform section supported at the points 
B and C (Fig. 7) Let the load per unit length be a maximum 


Load curve. 


Deflection 
curve. 


FIG. 7. 


at points B and C and a minimum at the centre of beam O. Let 
the decrease in load from B to O and C to O be proportional to the 
increase in deflection. 

The form of the line of deflection, when the load per unit length in 
the centre of beam is zero, approximates very closely to that of a parabola, 
and we shall not be very much in error if, for cvery value of min./max. 
load, we assume that the line of deflection is parabolic. 

Taking the origin “ О” at the centre of the beam— 


w == А-+ К+. 
wherc— 
w = load per unit length. 
A = minimum value of load per unit length. 
K = any constant. 
x = the distance of any point D from О. 
y = deflection of point D with respect to O. 
~. у becomes a maximum when x = Е А 
а“ aty 
EI a 
=A+ K x7, 
E10 (A + Каз) х 
"m 


a= = Аз + ^+ С, 
= Owhenx=0O; .. С, =O. 
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when A = O— 


The total load on both sides of origin— 
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w has a maximum value when х = D 
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when А = О and K=1— 
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Total load, when A = О апа K=1— 
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Maximum deflection, when A = О in terms of Л and L— 
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APPENDIX II. 


Deflection of a beam of uniform section built in at both ends and 
loaded so that the load per unit length has a maximum value at the 
points of support and a zero value at the point of greatest deflection, 


Fic. 8. 


the load decreasing between these points proportionally to the increase 


in deflection. 


Let O.O. be a continuous beam of uniform section built in at 
point O and O and loaded, as described, so that the load per 
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unit length has a maximum value A at O and O, and a zero value 
in the centre of beam (Fig. 8). For treatment the beam may be split 
up at the points of inflection P and P, and will consist of a beam 
P P, loaded as treated in Appendix I., when the minimum load per 
unit length is zero, supported at the ends of two cantilevers O.P. and 
P.O. Each cantilever then will be loaded with a concentrated load at 
ends and also with a varying distributed load. 

Let O.P. be one of these cantilevers, loaded with a concentrated 
load Z, which is the reaction of loaded beam at P, and also with a 


FIG. 9. 


varying load. If we make the same assumptions as in Appendix I. that 
the line of deflection is parabolic, we get the load per unit length 


(Fig. 9):— 


и = А — К, x. 
К, and А == any constants. 
х = distance of any point Е from О. 
y = deflection of point F with respect to O. 


Neglecting Z— | ы 


Ет Уш zn +С, 


= О when х = М. 
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C,=—AM 422M? 
3 
ЕІ Уу Ах Км” AMx4 EM с, 
d x? 2 12 3 
= О when x = М. 
GL (АМ м аа, eM) 
2 12 
АМ: K,M* 
22-4 


Ву adding the В.М. due о 2 we obtain the total В.М. on 
cantilever— 


dy Ах К, K,M3x , АМ: 
up cg uo N 3 T 
LEM ow ze (3) 
ау. Ах К,х5 АМ, K, Mr 
EUIUS e 3 ш 
А M?x |. K,M*x | 22 ' 
+ _ 5 -ZM:x Fotos (4) 


The slope at Р is obtained when x = М. 


6 60 2 6 22 


dy_ т (226 K,M: AM», K,Ms, AM 


M жн ы) 


(5) 


ay = т (M: K,Ms 2м) 
-gi(^6 IO 2 


From Appendix 1. we obtain the slope of beam at P when 
L 
2 


= 


= (ALL, ED. AL KL), 
— EIV 48 I920 16 3847? 


when A = О and K= ı 


dx  480EI ` e . . • . . . . (6) 
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Equating (5) and (6) and changing sign in (6)— 


AM: K,Ms5,Z2M* L5 
6 IO 2 7 480 


To solve this equation of several unknowns, it is simplest to put a 
particular value for L, whence follows a value for z ; and try different 
values for M, whence come K, and A, and so obtain the correct 
answer by trial and error— 


M = 0'25 L (very nearly). 


Having obtained a value for M it is a simple process, by a further 
integration of (4), to obtain the deflection of P. Then the maximum 
deflection of whole beam is got by adding the sum of deflections of 
cantilever and beam. 


DISCUSSION. 


Mr. R. LIVINGSTONE: The defects mentioned on page 128 by no 
means cover all defects, though the ones mentioned are certainly 
common. An important defect, which I have frequently seen in high- 
speed machines, is in the design of the oil throwers for the bearings. 
They are often made so that they throw the oil violently from the shaft 
against the bearing housing. The result is, some of the oil is sprayed 
and some splashed back to the shaft of the wrong side of the thrower. 
This oil travels along the shaft to the armature or commutator and 
causes trouble. It is much better to avoid the use of oil throwers 
and rely on oil glands for retaining the oil in the bearing housing. The 
usual arrangement of ventilation described in the paper is certainly 
economical so far as first cost is concerned, but above a certain output 
it is not a good arrangement with regard to efficiency. The efficiency 
of fans running at peripheral speeds of 12,000 to 18,000 ft. per 
minute is in the neighbourhood of то to 30 per cent., whereas Sirocco 
fans running at the correct peripheral speeds have efficiencies varying 
from 45 per cent. in small sizes to 65 per cent. in the large sizes. With 
separately driven fans the motor efficiency must also be taken into 
account, but it will be found that when the fan power exceeds about 
5 H.P. asaving is effected. Where such a separate-driven fan is used 
the generator rotor should be made with as little fan action as possible 
so as to make it easy to guide the air to where it is most required. 
With air under a pressure of 5 in. water-gauge the horse-power of the 
fan motor would be (cubic feet per minute)/(1200 x n) when n is the 
fan efficiency. In the table on page 131 this efficiency has been taken as 
approximately 20 per cent., but with an external fan there should be 
no difficulty in getting 50 to 55 per cent. even in the small sizes 
required for turbo-generators. I certainly agree with the author in his 
statement that all bearings should be regarded as self-aligning, because 
even if solid bearings stiffen the shaft when new, the bearings wear, 
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and so permit the shaft to take its normal line of deflection. Bearings 
for 3,000 revs. per minute machines having a diameter of 4 to 5 in. will 
run well if the clearance is 50 to 100 per cent. greater than the amount 
stated by the author. Indeed, it is necessary to have large clearance to 
provide for the oil film between the surfaces. If sufficient clearance 
is not provided the friction will be higher than it should be. It is 
certainly good practice to anneal the shafts before the final cuts are 
taken, but it should be kept in mind that this annealing reduces the 
ultimate strength and elastic limit. This, however, would do no harm 
in a shaft having the physical properties mentioned. All the same, it is 
questionable if the annealing does everything that is required, because 
one of the chief causes of warping is the cutting of the keyways, and 
this is usually done after the shaft is turned. I find that the best 
practice is to buy shafts rough-turned, oil-toughened, and annealed, 
and to cut as small keyways as are consistent with the torque. A 
pressure of 8,000 Ibs. per square inch on the laminations is not excessive. 
Most direct-current machines have to run through the critical speed, 
and in such cases it is advisable to have the whirling speed two-thirds 
of the normal speed. 

As regards the rotor core, I do not quite understand the author's 
recommendation to design the shaft and core so that the diametrical 
stresses are equal. In all cases this is impossible, as the shaft is always 
of smaller diameter than the core, and is in addition solid, whereas the 
core is hollow and has to carry the windings. The most that can be 
done is to Кеср the tangential stress at the inner surface of the core 
as small as possible. I have designed rotors with a stress of 12,000 Ibs, 
per square inch in a 3,000 revs. per minute machine, and have not 
experienced any trouble due to the expanding of the core. At the 
same time, it is advisable to guard against any possible trouble if at all 
possible, and I would be glad to see a satisfactory method of providing 
some elastic medium between the core and the shaft. I would mention, 
however, that it is possible to press a laminated rotor on to the shaft. 
I like the slot shown in Fig. 3 (a) but I should think the cost of 
winding would be higher. Fig. 3 (b) is not so good, as the load on the 
tip of the tooth is eccentric, and we all know how hard it is to provide 
sufficient metal to carry an eccentric load. With good fibre wedges a 
bending stress of 1,500 lbs. per square inch is not excessive, and so far 
I have not found the depth of wedge excessive even with ordinary open 
slots 3, to “гіп. in depth, covering all ordinary machines. Of course 
with peripheral speeds of 18,000 or 19,000 ft. per minute this depth 
might be exceeded. It is certainly feasible, though expensive, to use 
laminated brass wedges ; I do not know, however, of any case where 
this has been tried. As regards the rotor winding, equalising connec- 
tions are certainly advisable in all parallel-wound armatures, as they do 
away with the unbalanced magnetic pull, besides making a better 
electrical machine. I most certainly prefer the solid end bell to 
binding wire. If the windings are made slightly conical, and the end 
bell is made the same, the bell is quite easily put on and taken off. It 
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is advisable to press the windings into their conical shape on to a 
conical support formed by the end plate $o as to give a true hard 
surface for the end bell Very often binding wire is fastened at 
intervals with solder, and if this is not carefully done the wire is 
annealed and weakened. A solid bell is more convenient for repairs in 
situ, and it will resist distortion. It is probably easier to shrink a ring 
on to a metal band than on to the mica ring itself, but the latter 
method offers no great difficulties and gives satisfactory results. At 
the same time, having a layer of thin wire between the ring and the 
mica saves the mica from being slightly charred, and is probably 
better on the whole. 

Perhaps the most valuable part of the paper is that dealing with the 
theory of construction ; the author puts the theory very clearly, and 
the curves given simplify the working of problems. I have not had 
time to check the formulae, but I agree with the reasoning and regret 
that the considerations are confined to the initial stresses in a commu- 
tator. The final stresses in a commutator are made up of initial stress 
and centrifugal stresses properly combined and also initial centrifugal 
and expansion stresses properly combined. It is quite correct that the 
bending of the bars reduces the tangential stresses at the centre of 
the bar (ina two-ring commutator) and increases it at the ends, and 
the real solutions for this are valuable. In practice, however, we must 
start out with the assumption that a certain minimum tangoential mica 
pressure is required оп the mica, say 500 lbs. per square inch. Then it 
will be found that the ratio of depth to length of bar does not vary 
very greatly, so that the ratio (maximum pressure)/(minimum pressure) 
is almost a constant. If, however, we start out with the assumption that 
the average initial pressure is much higher than the minimum, say 
1,000 Ibs. per square inch, then, for all important stresses we will be on 
the safe side; because if the rings are shrunk on to give the stress 
corresponding to the average pressure, the total load will be the same 
but the distribution will be altered. Therefore, the bending stress and 
deflection on the bars will be less than calculated, and the stress in the 
rings will be the same as calculated. The tangential mica pressure at 
the centre of the bar will be less, and at the ends greater, than calcu- 
lated, so that on the whole we are not much out, and at the important 
points we are on the right side. I would here mention that it is 
difficult to calculate absolute stresses in any machine. What we do do 
is to calculate figures which we compare with similar figures on a 
machine which is running satisfactorily, and keep within those limits 
or only exceed them very slightly. Calculating them on the assumption 
of a tangential load higher than the theoretical minimum, we can run 
the bending stresses in the bars higher than we could do so under 
ordinary conditions, and still have a satisfactory commutator. "This 
does not detract from the value of the author's deductions, but points 
to the importance of adjusting the usual figures for initial tension in 
accordance with the new methods of calculation. Again, we must 
always keep in mind that when the commutator has worn down the 
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mica has been compressed and released many times, and so by breaking 
down the mica alters its modulus of elasticity. 

Mr. J. K. CarrERSON-SMITH : I feel thatalthough some of the matter 
to which Mr. Roberts refers is quite familiar to us, there is other matter 
which he has somewhat skimmed over in his paper. With regard to 
the statement on page 131 that the question of shafts of turbo-generators 
is very easily dealt with, I do not know whether most of the engineers 
present do consider this question quite so easy. My own experience 
is that the design of shafts for turbo-machines is not easy. So far as I 
am aware, the only really satisfactory method of calculating the critical 
speed is that given by Professor Stodola,* a modification of which has 
been given by Professor Morley more recently.t Although Professor 
Stodola's method is a somewhat lengthy one, it is possible by the use 


res [7292774 curve due to Cant.Force (оғ aseuned arc 


ond chosen RPM. Critical RRM.= cheeen RPM. {2 
' 


Fic. A. 


of a simplification to save a great deal of time without much loss of 
accuracy. The particular method to which I refer may be stated 
briefly as follows :— 

Take any deflection of the shaft д and draw an arc of a circle as an 
approximate deflection curve through the mid-points of the journals 
and deflected by the amount д, (see Fig. A). Then calculate for each 
mass M on the shaft its centrifugal force when running at some 


‘arbitrary trial speed and at the radius r given by the circular deflection 


curve, and thus obtain a curve-factor load diagram. As the diameter 
of the shaft varies greatly, being, in fact, designed for approximately 
skin stress, it is necessary to allow for the variation of I for each 
section, and thus draw an M/I curve from which the real deflection 
curve at the trial speed is drawn having a maximum deflection 6. Then 
we have for the rotor— 


Critical revs. per minute = trial revs. per minute x y (8/ð,). 


It will be found that this method gives good results even when the trial 
speed chosen is very different to the critical speed. If it is desired to 


* “Steam Turbines,” A. Stodola (Constable and Co., London), 1906. 
+ Engineering, vol 88, p. 135, 1909. 
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use a trial speed fairly close to the critical speed, a rough figure is given 
by the expression— 


Critical revs. per minute = 180,/(1/4) approximately, 


which is deduced from the case of a simple concentrated mass. The 
deflection d, in inches, should not, it appears, exceed 1/5000 to 1/8000 
of the span. I agree with the author that the bearings generally have 
enough clearance to be treated as spherical-seated for these calcula- 
tions. I would like to draw attention to the statements on page 150 
regarding the use of high-current densities in the brushes. Curve X 
shows plotted the results deduced from tests made at the University of 
Liverpool, and I think these curves are extremely misleading unless it 
is clearly understood that they refer to tests in which the current is 
simply collected by brushes from a steel ring, and that they therefore 
have no reference whatever to the case of a commutator. The curve 
shown indicates a current density of over 100 amperes per square inch 
at ordinary turbo-commutator speeds, whereas it is common knowledge 
that even under good conditions with commutation poles it is rarely 
possible to guarantee the current-change in the coil undergoing reversal 
to be a linear function of time, and thus the ordinary nominal density is 
limited to 40 or 45 amperes per square inch ; any departure from the 
linear current-change law raising the density over parts of the brush to 
high values of the order of 200 or 300 amperes per square inch, and 
thus it is quite impossible to work with the high densities indicated on 
page 150. Reference is made to the possibility of lowering the tem- 
perature of the air used for cooling the machine by the passage of that 
air through some form of refrigerator. I do not know of any case 
where this has bcen done in this country, but I have worked out one 
or two figures as to the size of refrigerator or cooling chamber required, 
using the ordinary figures which are at present practised by refrigerat- 
ing engineers, and taking the volume of air as stated by Mr. Roberts at 
something like roo cub. ft. of air per minute raised 30°F. per kilowatt 
loss for the case of a turbo set of 1,500-k.w. capacity made up of two 
machines in tandem, each of 750-k.w. size and having a loss of 9o k.w. 
as given on page 131. Two methods of cooling are considered ; in the 
first the air-cooling plant consists of a battery of water pipes through 
which the air is circulated. The battery receives the hot exhaust from 
the generator, to which it delivers cool air. 

With a cool air temperature of 65? F. and a hot air temperature of 
95? F., the quantity of air == 90 X 100 == 9,000 cub. ft. per minute. As 
the air is continuously circulated between thc generator and cooler, it 
may be taken as being fairly dry, and with a specific heat of 0'24 and 
weighing 0°086 lb. per cubic foot, then heat to be abstracted per minute 
from air = 0,000 X 30 X 0086 x 024 = 5,600 B.Th.U. or, allowing for 
a little moisture, say 6,000 B. Th.U. per minute. With 15-ft. pipes under 
these conditions a square foot will absorb 0°67 B.Th.U. per minute, and 
if it is assumed that cold well water at 50? F. is available, then for 10°F. 
rise in the water we get pipe surface = 6,000/(0‹67 x то) = доо sq. ft. 

Vor. 48. 
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саца. That is, with 2-in. pipes, а battery of 120 pipes, which тау be stacked 
` їп aspace 5 ft. high, 3 ft. wide, and 15 ft. long inside. Allowing for the 
space occupied by the pipes, the air velocity is 800 ft. per minute. The 
amount of water required for 10° F. rise is 6,000/10 = боо Ibs. per 
minute. The second method of cooling to be considered is that in 
which a refrigerator is proposed for the purpose of supplying chilled 
-air to the turbo-generators in a station. As it is possible that this might 
be advantageous in some cases, the following figures may be of interest. 
Suppose an ordinary vapour compression refrigerator kceping a brine 
tank at 30° F. to be installed with a pump to circulate the cold brine 
through a battery of pipes so that the brine is 30? F., then— 


Brinc inlet temperature се; 59 с s BF, 

Brine outlet temperature ... ve is as 00. у, 

Cold air to generator... 45% ss Є „205-5 

Hot air from generator ues 

Air per minute as before  ... sis sas 9,000 cub. ft. 
6000 

Pipe surface ... s РА w= X 30 = 300 sq. ft. 


067 


That is, with 2-in. pipes, a battery of 40 pipes, which may be stacked in 

a space 5 ft. high, 1 ft. 6 in. wide, and r5 ft. long, the air velocity now 
being 1,100 ft. per minute. In view of the trouble experienced through 

the accumulation of dust and dirt brought in by the cooling air in the 
ordinary systems, it seems quite possible that one of the above systems, 

in which the air is perfectly clean and as cool as thought desirable, 
might well be tried. I should like to emphasise the statement on 
page 149 regarding the importance of correctly designing the com- 
mutator risers. I consider this to be one of the most difficult parts to 
design satisfactorily, and can recall an instance of a turbo-generator 
which, on examination after 5,000 hours’ run, showed 2j per cent. of 

the risers fractured and 25 per cent. in a bad condition, in spite of the 
fact that much consideration had been given in their design. I quite 
agree with the author that equalising connections are essential, and 
would suggest that the number shown in Fig. 4 might be increased 
with advantage by 50 or 100 per cent. In connection with the process 
described by the author for assembling the shrink-rings and mica, in 
which fine steel wire bands are used instead of string with the advan- 
tage that the wire surface can be gauged, I would like to say that I have 
seen thin steel bands put on the mica, and afterwards turned true on 

- the outer surfaces, which were then easily gauged for the shrink-rings. 
Mr Mr. А. К. EvEREST: The author mentions the rapid accumulation 
TUIS of dirt and soot which may occur in high-speed machines with forced 
ventilation, and refers to the difficulty which this may cause in con- 
nection with exposed conductors, leading to troubles from leakage and 
earthing. Further on, he mentions that it is common practice in 
connection with alternating-current turbo-generators, to clean the air 

by means of filters before it is passed into the machine, but suggests 
that these precautions are not so necessary with the direct-current 
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machine on account of its lower generating voltage. These statements 
appear hardly consistent. There can be little doubt as to the desira- 
bility of filtering the air supply to turbine-driven generators of the 
direct-current as well as of the alternating-current type. Accumulation 
of dirt is objectionable not only on account of possible loss of insulation, 
but also because it interferes with the proper cooling of the plants. On 
page 129 reference is made to the necessity for properly supporting the 
stator winding, and an arbitrary figure of то in. suggested as the 
extreme length which should be left unsupported. The author men- 
tioned that this figure was an arbitrary one, and that it would be 
smaller for a high-speed machine than for one of lower speed. 
It is not quite clear why this should be so. There is apparently 
an error in the figures on page 133 referring to the possible loose- 
ness which could occur in a rotor due to the expansion of the 
punchings from centrifugal force. If, in the case assumed, the 
punchings expanded so that their inner diameter became 0:0038 іп. 
larger than the shaft, then the possible displacement of the centre of 
gravity would be half this amount, and the resultant out-of-balance also 
one-half that suggested in the paper. 

Mr. R. HARRISON : On page 133 the author says that “the stresses 
occurring in these discs are similar to those occurring in disc flywheels 
and are capable of similar treatment,” but this does not help us to solve 
that problem. To take first the simple case of a flywheel cast in halves 
and fastened by plates at the joints, we know that the bursting stress 
has ceased to be independent of the area of the rim because the curve- 
factor forces are now spread over a new stress area which is that of the 
plates. Now the case of the core disc for a high-speed generator is a 
very similar one. The real disc is, of course, between the bottom of 
the slots and the top of the keyway, but we know if we got this stress it 
would not be the true result, because the curve factor of the projections 
from that disc are also being carried by the effective stress area of the 
disc. The best method I know of to get an estimate of the true stresses 
in the perforated disc, is to get the true weight of the disc, using the 
true density of the material, which is, say, 028. Now put this weight 
into the effective area of the disc, and for most turbo-machines this will 
give a new density of about 0°35. This generally gives a stress at the 
inner fibres of the disc of about 10,000 to 12,000 165. per square inch, 
and from this can be obtained the increase in diameter due to 
rotation, and the least safe shrinking allowance to ensure a tight fit at 
runaway speed. Referring to the sketch on page 136, Fig. 4, I should 
like to raise three points for discussion. (1) On page 151 the author says 
that to look forward to probable improvements of construction we see 
that one of the ultimate aims is to decrease the span between bearings, 
and so I am rather surprised to see the equaliser rings placed in the 
position shown when they could easily be arranged under the end drum, 
and so shorten the span between bearings. As the deflection is propor- 
tional to length cubed, a saving of 3 or 4 in. strengthens the shaft 
considerably. (2) The second point is that the machine cannot be 
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tested without the rings and then have them fitted for the final test. 
(3) The third point is the enclosing of the soldered joints, which, of 
course, get very hot. There is a very neat method of overcoming this, 
but I am afraid I cannot explain without the use of the blackboard. 

With referenceito page 138, I am rather surprised at the careful 
attention the author has given to the stresses in the commutator where 
the results are so uncertain, while the calculations which give more 
certain results, such as the shaft calculation which takes into account 
the different diameters along the shaft, etc., have been ignored. The 
reason the commutator calculation is so uncertain is because the rings 
are shrunk on mica, and it is almost impossible to judge the amount of 
mica required so that it will compress exactly to the calculated figure. 
If we were shrinking а steel tyre on a steel wheel-centre, then we could 
measure the allowance to ооо5 of an inch, and the calculations would 
be then quite reliable. With regard to shrinking the core on the shaft, 
it is as well to note that this has a tendency to make the shaft stiffen, 
and therefore to increase the critical speed above the calculated value. 
This teaches us that it is advisable to make the critical speed above the 
normal running speed where possible, so that if the core-stiffening effect 
does raise the critical speed it is making the machine still safer. 

Mr. W. Ноот: I notice under the subject * Ventilation" the author 
states that part of the stream of air for ventilating the turbo-dynamo 
goes direct to the stator, whilst the greater part goes through the rotor 
by axial ducts in the core. Part of this rotor air then goes through the 
radial ducts in the rotor and stator, whilst the other part goes to the 
commutator. Now, as it is extremely important to keep the com- 
mutator of the machine cool, it is better to make the supply of air to 
the commutator entirely separate from the supply of air that passes 
through the core, otherwise the air is heated before it gets to the com- 
mutator. This supply of air can be brought along the shaft, so that 
the commutator obtains air at the lowest temperature. As regards the 
question of air filters, I certainly think that they should be installed 
wherever the atmosphere contains dirt in suspension. When we 
observe the dirt that collects on the filter cloth it makes us think how 
very dirty many turbo-generators must be, as most of this dirt would 
have been deposited in the ducts and on the windings. Referring to 
the alternative methods of totally enclosing the machine and cooling 
either with a water-jacket or freezing plant, I think that a cheaper and 
better way for large generators would be to draw the air through fine 
sprays of water and then through a series of vertical corrugated plates, 
so as to throw off the water. The water, mixing intimately with the 
air, would take away the particles of dust and also cool it to practically 
its teinperature. The air leaving the baffles will be practically dry and 
also considerably cooler than the outside air. I do not quite agree 
with the author when he states that “the whole art of balancing can 
only be learnt, and not taught." Iam convinced that if an engineer 
attempts to balance a machine, and has certain points put before him 
by a man who has had considerable experience in balancing, he will 
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obtain a satisfactory balance very much quicker than he otherwise 
would do. I should be very pleased if the author would give the 
method that he usually uses for balancing high-speed machines. It 
would be very interesting to find out in what manner different people 
approach the work. Then as regards the wire banding, or solid metal 
end-winding sheaths, I certainly agree with other speakers before me 
that the use of binding wire is wrong. The author is right when he 
says that the “solid sheath looks more like an engineering job,” and I 
believe that it is one. The author states that one of the disadvantages 
with wire is that it takes longer to put on, and then remarks that this 
is set off by the ease with which it may be taken off and put on again. 
Having had experience of both methods, I consider that the putting-on 
and taking-off of a metal winding sheath is an infinitely easier job than 
putting on or taking off binding wire. In fact, I consider it a fairly 
easy job to remove a metal end sheath on site, but I think it very 
difficult to put on binding wire except at the makers works. The 
author also remarks that “even during a burst the wire is superior to 
the solid ring.” Out of about 700 end sheaths that I know have been 
supplied on turbo-generators, I have never heard of one that has broken, 
but I have seen several cases of binding wire having come off, and if 
anybody had been standing by at the time they would most certainly 
have been seriously injured. I thoroughly agree with the author that 
the majority of the usual defects are traceable to the commutator, and 
that it is of the greatest importance this should be carefully built, also 
correctly designed. On page 148 the author states that the first possible 
trouble comes from the expansion of the commutator bars. As stated 
in the paper, Messrs. Siemens bring the cooling air through the com- 
mutator segments themselves by means of axial ducts therein. The 
commutator is usually built in two parts, so that the length of bar is 
reduced by one-half, and as the cooling surface is at least doubled the 
usual expansion of the conductor is something like one-quarter of what 
it would be if single solid bars were used. The trouble of expanding 
bars with this type of commutator does not arise. It is now recognised 
that for the successful running of a turbo-dynamo carbon brushes must 
be used, and as heat causes disintegration of the carbon brushes, which 
is assisted by the high peripheral speed, this can only be obtained by a 
cool commutator. 

Мг. С. W. WorRALL : The paper shows that the problem of the 
dynamo-electric machines is by no means a purely electrical one, and 
the mechanical side of the problem is at least of equal importance. 
The question of commutation, although most abstruse in its electrical 
aspects, is to a large extent mechanical, and I think had this side of 
it been more thoroughly understood, the electrical side would have 
been more easily solved. The mechanical problem of commutation is 
twofold. In the first place, the frictional force tends to tilt the carbon 
on to the rear tip; this action is evident in all box-type holders, and 
its effect is considerably to increase the contact resistance at the 
forward tip. The bottom edge of the plate in front of the carbon in 
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the box-type holder acts as a fulcrum about which the force of friction 
tends to turn the carbon. The controlling force of the pressure applied 
to the carbon cannot restrain this action until the fulcrum is shifted to 
the top of the box at the rear edge, which takes place as soon as the 
pressure of the front tip on the commutator is relieved. The first step 
in the right direction is to substitute an elastic force for the resisting 
plate. With this arrangement all the applied forces tend to turn the 
carbon in the opposite direction to the action of friction. A brush- 
holder in which this principle is developed is described in my paper on 
“ Commutation Phenomena.” * This brush-holder appeared to solve 
the problem of holding the carbon in a very satisfactory manner. The 
other problem of commutation which, although perhaps not strictly of 
a mechanical nature is certainly not electrical, is the expansion of the 
brush service. The rear tip of the brush is cooled by the air drawn 
round the commutator, but the front tip is not so cooled, and the 
expansion of the contact surface due to heating causes this tip to lift 
from off the commutator surface and set the brush vibrating. The tip 
may, however, be kept in proper contact by placing metal foil in close 
contact with the front of the carbon, and so conveying the heat away. 
The author has also referred to the difficulty of keeping the mica in 
between the commutator segments when each leaf of mica is not 
subject to tangential pressure. It occurs to me that the trouble of 


rising mica which is so frequently met with is due to this same reason, 


that is to say, when the mica shects are built up all the flakes are not 
securely held, and heat combined with centrifugal force causes some 
of the mica to rise above the surface of the commutator. 

Mr. F. Н. CLouGH: I do not think the author gives to the question 
of the critical speed of the shaft quite as much attention as it descrves. 
He does not make it quite clear whether he considers it possible to 
operate beyond the critical speed of the shaft, or whether it is 
necessary to keep the normal speed in all cases below this value. The 
Sketches seem to indicate that every attempt is made to make the 
shaft as stiff as possible, and so, presumably, to avoid the critical speed, 
and yet the author in several places speaks of the effects which occur 
when passing through this critical speed. I would ask the author in 
his reply to touch on this point more fully than he has done in his 
paper. If it is dangerous and undesirable to pass through the critical 
speed, then I agree with his conclusions to the effect that it is 
necessary to keep the lengths between the bearings as short as possible 
and to use butterfly connections for the armature winding ; but if, on 
the other hand, it is possible to pass through the critical speed with 
safety, then it would seem desirable to make tbe shaft smaller than 
indicated on his drawing, and so have the running speed well beyond 
this critical value, and in this way avoid such difficulties as are 
mentioned at the bottom of page 133, and be able to mount the commu- 
tator on a separate sleeve rather than mount it directly on the shaft. 1f 
the normal speed is well removed from the critical speed, it is not 

* Sournal of the Institution of Electrical Engineers, vol. 45, p. 494, 1910. 
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necessary to determine this latter value with great accuracy, and an 
approximate calculation is a comparatively simple matter. If, on the 
other hand, the critical speed is only slightly beyond the running 
speed, it is necessary to determine it with considerable accuracy, and 
the calculation then becomes complicated and difficult. In one place 
the author speaks of a second critical speed. I do not think, however, 
that this actually occurs. A second critical speed would be caused by 
the shaft taking an S shape, and would be associated with an oscilla- 
tion of the armature about an axis at right angles to the axis of rotation ; 
this would give a value far beyond the possible operating speed of 
the machine. Vibrations may occur, of course, beyond the critical 
speed, but these are probably due to the movement of some part of the 
armature causing a lack of balance, and are not, strictly speaking, a 
second critical speed. At the bottom of page 135, paragraph (5), the 
author makes the statement that whereas the shaft may be deflected 
when the armature is standing still, it will tend to strengthen out 
when the machine is running. I think he is in error here, as the 
gravitational forces will still have to be opposed by elastic forces 
in the shaft, which will cause deflection in the shaft whether the 
machine is rotating or not. In the latter part of the author's paper he 
puts forward a rather novel theory and method of calculation of a 
cylindrical shrink-ring commutator. Apparently the basis of his 
assumption seems to be that there shall always be a circumferential 
force between the segments of the commutator to keep the mica in 
place. However, I venture to suggest that it is possible to take a 
much simpler view of this problem and calculate the stresses primarily 
from the point of view of the centrifugal force, and to prevent the mica 
from becoming displaced by makiug it slightly wedge-shaped or by 
suitably roughening the commutator bars. This roughening may 
conveniently take the form of longitudinal grooves cut in the commu- 
tator bars, the first of which is so situated that it forms an indication 
when the commutator has been turned down to a safe limit. The 
shrinking of the mica under the effect of heat would seem to introduce 
an unknown factor which would upset the whole theory as advanced 
by the author, and, further, the probability is that the first {ипе the 
commutator is run up to full speed and made hot the centrifugal and 
expansion stresses are such as to cause slight permanent expansion in 
the retaining rings with the result that when the commutator is 
again cooled down the initial circumferential force between the bars 
practically disappears entirely. 

Мг. Е. Н. WyYsaLL: I have had some experience of two small 
direct-current turbo-generators during the last few years. The 
commutators have been spoken of most I think, and they certainly 
give us most rcason for consideration. The tendency of the mica to 
rise has been got over by reducing it slightly below the surface of the 
commutator segments—a very simple thing to do, but one which has 
proved very satisfactory. The turbo-generators that we have in use at 
Dickinson Street are run all day—every day pretty well—and we have 
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no trouble at all. The general design follows that recommended by 
the author, and we have four ring commutators, self-ventilated. The 
only differences I can think of are in connection with the disposal of 
the equaliser rings. They are in the position recommended by Mr. 
Livingstone, and the turbo-generators have end shields. The machines 
at Dickinson Street are very successful in operation, and I think it is 
only fair to say that their success is largely due to Mr. Hoult, who has 
given to you the main mechanical details of these machines. He was 
for a long time experimenting, and it was only due to his perseverance 
and extraordinary patience that direct-current turbo-generators at that 
time were of any use at all. 

Mr. R. H. BARBOUR (communicated): The author has written a 
very instructive and thorough paper, which, however, bristles with the 
words “difficulties,” “ problems," and “troubles.” It is pleasing to 
find him believing, in spite of all, that direct-current turbo-generators 
can be made reliable, but it is at least doubtful whether the mediocre 
performance of commutator turbos in the past has been due so much 
to inadequate comprehension of the mechanical difficulties as to the 
actual magnitude of those difficulties, however warily tackled. That 
complicated piece of mechanism, the commutator, is by its very nature 
unsuited to high peripheral speeds. Its component parts have just the 
shape which gives them the minimum of resistance to centrifugal force. 
It should not be forgotten that in a machine having, say, 60 com- 
mutator segments, and running at 3,000 revs. per minute, each brush 
has to change from one segment to another 3,000 times in every second. 
Centrifugal force is continually doing its best to produce uncvenness 
in the height of each one of the 60 segments, and the moment one of 
them shifts, be it even тууу of an inch, the harm is done. These con- 
siderations render imperative the use of commutators of small diameter, 
and consequently of great length. Unfortunately, this adds to the 
difficulty of making a mechanically sound job, and incidentally neces- 
sitates a long thin shaft, letting in a host of vibration troubles. The 
author is quite right in wishing to see a shorter distance between 
bearings, but his proposals for accomplishing this by higher brush 
pressures, higher current densities, and higher peripheral speeds are 
open to grave objection. Apart from the mechanical difficulties, every 
one of these suggestions means an increase of the losses per square: 
inch of brush contact surface, whercas these losses are already as high 
as the brushes will stand. With an ordinary carbon brush worked at 
40 amperes per square inch the electrical loss in the contact is about 
40 watts, and the mechanical loss in slow-speed machines may be 
another 80 watts, so that 120 watts at most are being turned into heat 
actually in the contact surface. At high speeds the friction loss is far 
greater, and may be as taken at least 200 watts per square inch, so that 
in the present turbine machines at least 240 watts are turned into heat 
in the contact surface—this is already double what is found best in 
slow-speed machines, and any further increase is likely to aggravate 
the present troubles. If a satisfactory solution is to be found, some 
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radical change in design must be effected. This the homopolar 
principle offers. 

In the homopolar generator commutation difficulties are entirely 
eliminated. The mechanical construction is immensely simplified, for 
slip-rings, if once set true, have no tendency whatever to take up 
eccentric positions. Even if they are assembled slightly out of truth 
the forces set up are negligible. Instead of a long thin shaft, a short 
one may be used, and its effective diameter increased to one-third of 
its length by pressing on a solid steel соге; or the core and shaft may 
be made in one forging. Whilst efficient ventilation of a long com- 
mutator is impossible, that of a number of slip-rings is easy ; the use of 
slip-rings, moreover, enables more efficient brushes to be used. The 
cost is reduced by the absence of interpoles and of compensating 
windings ; there is thus not only a saving of copper, but also of labour. 
Finally, the speeds permissible are double those of commutator 
machines, so that, for a given steam consumption, the cost of the 
steam turbine is reduced 50 per cent. 

Mr. R. RoBERTS (in reply): The mechanical design of electrical 
machinery contains a great deal of what might be termed the “ personal 
factor," the variability of which may account for the many different 
opinions and criticisms called forth in this very interesting discussion. 
I quite agree with several speakers that the * common defects" are not 
all that are met with. Oil throwing is also common, but this question 
appears to be more in the province of the turbine designer, since the 
bearings are usually supplied by the turbine builder. Oil glands, or 
rather oil and air glands, as mentioned by Mr. Livingstone, are the only 
certain remedy I have met. The fan efficiency used in calculating the 
table on page 131 was 25 per cent., and the scheme sketched in Fig. 5 
was designed to eliminate as far as possible all fan action. The sizes 
of air-cooling plants given by Mr. Catterson-Smith seem rather large ; 
and hence it seems doubtful that, if of these sizes, a cooling plant would 
be preferable to the ordinarily used dust screens. The question cf first 
cost and running costs, I fear, would also militate against the use of a 
refrigerating plant. The scheme suggested by Mr. Hoult has many 
points in its favour, such as thorough cooling and dust elimination ; 
but, when starting up a cold machine, is there not a possibility that 
water from the damp cooling air would be condensed in the generator ? 
Regarding the calculation of the critical speed of the shaft, the method 
I had in mind was that of Professor Morley as mentioned by Mr. 
Harrison, and is a method that is generally well known amongst 
designers. The method of Professor Stodola as given by Mr. Catterson- 
Smith is certainly good, but I think that of Professor Morley will 
appeal most to engineers as being more direct. To design the shaft 
and core so that the diametrical strains are equal, it is necessary to 
have a fluted shaft, and to design the core so that the stress at inner 
periphery is kept down to the desired limit. I congratulate Mr. Living- 
stone that he has not experienced a moving core—an accident that is 
very trying to the balancer. 
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In answer to Mr. Clough’s remarks, the chief defect of a critical 
speed (the second critical speed does not usually occur in an electrical 
machine) is the excessive vibration that usually accompanies it, which 
has a great influence in provoking instability of balance. Provided the 
design permits it, I should certainly run the machine below the critical 
speed. As the vibrations that accompany the critical speed are felt 
about 20 per cent. above and below the actual critical speed, it is 
preferable to design the shaft so that the critical speed is 50 to 60 per 
cent. of the running speed. My remarks re balancing were deduced 
from my own experience ; perhaps I had not properly assimilated the 
main features of balancing before I began. In balancing a machine, 
I would first balance on middle ring to obtain good balance at that 
point so as to run up to full speed ; then balance at the ends, at same 
time making compensating adjustments at middle ring. The use of 
either wire bands or solid rings, to take up the centrifugal forces of the 
windings, seems to be a matter of personal experience and prejudice. 
I have found machines retain their balance better with wire bands, 
provided always that these have been properly put on. I agree with 
Mr. Livingstone that soldering anneals the wire ; it was for this reason 
that I wished the ends held mechanically. With regard to the effect 
of a burst, I have stood close to a machine when a wire band did burst 
without being hurt in the least ; this machine was, of course, totally 
enclosed. Although no evidence is usually left after a burst as to what 
actually caused it, I am inclined to think that an earth or short circuit 
was nearly always the primary cause. It is doubtful if turbos are built 
nowadays without equalisers—in fact, for the reasons pointed out in the 
paper, it is too much to expect a machine to run well without them. 
Soldered joints, if well done, do not of necessity get warm, that is, 
provided they are liberally designed. 

In reply to Mr. Everest, cleaning of air is not so important on 
direct-current machines because of the lower generating voltage, as 
there is no tendency for the current to jump across an air-space; but 
that because of exposed conductors the elimination of dirt would 
prevent a leakage arc forming. The ro-in. length of unsupported 
stator coil is merely arbitrary, because each unsupported length will 
have a natural frequency or critical speed; and if this frequency 
coincides with the frequency of revolution of machine, there isa great 
possibility that the coil will break. Mr. Clough is quite right—the 
object of the theory of construction of the commutator is to enable 
a commutator to be designed so that the possibility of mica rising 
between the commutator bars is entirely eliminated. His suggestion, 
however, of roughening the bars or of making the mica wedge-shaped 
is not sufficient, as from the flaky nature of the mica it will break up 
and fly out in pieces if there is no retaining tangential pressure. I 
agree that, in a badly designed commutator, there is a possibility of 
a permanent strain in rings after the first run ; but this will not occur 
if full cognisance is taken of all the forces that occur in a commutator. 
Mr. Livingstone said that I had not mentioned the expansion stresses, 
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nor the proper integration of the initial, centrifugal, and expansion 
stresses. I did this because, apart from increasing very largely an 
already lengthy paper, I considered that he had already done this 
very fully in his book on commutators mentioned in the paper. 
The under-cutting of the mica mentioned by Mr. Whysall does not 
necessarily eliminate the trouble of the rising mica segments. Mr. 
Worrall’s remarks regarding commutation were very interesting, as 
also is his very novel brush-holder. As sketched out, it is doubtful 
if it would commend itself to an engineer for use on turbos, but no 
doubt some modification in design could be made to retain the good 
qualities he claims and at the same time be suitable for a high-speed 
commutator where much vibration occurs. The curves for current 
collection given in Curve X were not put forward as possible figures 
to use on commutators, but rather as an indication that if such high 
values of current density and pressure could be used on slip-rings, 
higher values than those commonly used might be applied advan- 
tageously to commutators. It must, however, be borne in mind that 
before any theoretical or experimental data are applicable to a turbo- 
commutator, we must first have the surface running absolutely truly— 
a result which is difficult of attainment in practice. Mr. Barbour’s 
remarks on the subject of the homopolar machine introduce quite a 
different view of the machine than the one discussed in the paper. It 
is doubtful if to some engineers slip-rings are preferable to а com- 
mutator. Perhaps we may look for the Utopian machine—a direct- 
current machine without slip-rings or commutator— before we can 
attain anything like perfection. 
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Proceedings of the Five Hundred and Twenty- 
eighth Ordinary General Meeting of the 
Institution of Electrical Engineers, held on 
Thursday, December 7, 1011--МІ. S. Z. DE 
FERRANTI, President, in the chair. 

The minutes of the Ordinary General Meeting, held on November 

23, 1911, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Hall. 


The following list of transfers was announced as having been 
approved by the Council :— 
TRANSFERS. 
From the class of Associate Members to that of Members :— 


Joseph Horsnell May. | Henry Augustus Ratcliff. 
Henry Bernard Stone. 


From the class of Associates to that of Associate Members :— 
Charles Henry Wm. Gerhardi. 


From the class of Students to that of Associate Members :— 


Peter Edward Bamford. John Hollingworth. 
Reginald Gilray Barton. Stephen Holmes. 

Richard Arthur Broster. Rupert Colin Leslie. 

Alec Whitworth Brydon. Francis Walter Main. 
Harry Church. Henry Walker H. Richards. 
Walter John Cridge. Joseph A. Rugeroni. 
Frederick Habler Downie. Claude Theodore Siebs. 
Harold Emmott. William Duff Stewart. 
Arthur Reginald Fraser. Thomas Henry Varcoe. 
Joseph Richard Hall. Herbert Frank G. Woods. 


Messrs. Т. Stevens and F. N. Haward were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected:— 

ELECTIONS. 
As Members. 


Travers John H. Blackley. | Gano Dunn. 
Robert Stewart Whipple. 
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ELECTIONS—contlinued. 


As Associate Members. 


William Arundell. 


Reginald Charles Atkinson. 


Benjamin Joseph Beasley. 


Pakenham William Beatty. 


Bentley Emanuel Bolton. 
George Edward Carr. 
Hugh William Devey. 


William Edmund Downey. 


Reginald Henry Friend. 
William Eden Highfield. 
Herbert D. Johnston. 
Edward Percy Jones. 
John Ellis Jones. 
Athelstan Joseph A. Kean. 
Charles Balharrie Kinnes. 
Silas Young Maling. 

Ian Webb Massie. 


Thomas Mills, 

Rupert Douglas Moss. 
Harold William S. Outram. 
Alfred John Percival. 
Walter Pleasance. 

Evan Bertram C. Preston. 
James Smith А. Primrose. 
Ernest Melsom Redfern. 
Glynn Salter. 

John Henry Schnauber. 
Harry Smith. 

John Sykes. 

Hugh Alister Tulloch. 
Donald G. Vincent. 
Denzil Brudenell Webbe. 
William Wilson, В.Е. 
Johnstone Wright. 


As Associates. 


Ernest James Dutch. 


Henry Charlton Houghton. 


William Watson Howie. 


As Students. 


Godfrey Arblaster. 

John Oliver Archer. 
Edwin George Batt. 
Francis Arkle Broadhurst. 
John Palmer Castle. 
Harold Norman Davis. 
Spencer William Dunn. 
Albert English. 

Monindra Nath Ghose. 


Harry Gibbs. 

Allan Grad. 

Walter Herbert Harris. 

Alberto Villanueva y Laba- 
yen. 

Alec Sacré. 

Charles Emmanuel W. Smith. 

Edward Morrison Teare. 

Basil Percival K. Walsh. 


The PRESIDENT: In connection with the proposed new Articles of 
Association I have to announce that since the last informal meeting the 
Council have taken further steps to ascertain the views of the members 
regarding the revised Articles of Association. They have received a 
number of suggestions which are being carefully considered to see how 
far it is possible to reconcile the different views and to embody them 
in the revised Articles. The time required to give these suggestions 
adequate consideration renders it impossible to make any further 
suggestion until early next year. 

The following paper was read and discussed : “ Notes on National 
and International Standards for Electrical Machinery,” by Dr. 
Robert Pohl (see p. 174). 
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NOTES ON NATIONAL AND INTERNATIONAL 
STANDARDS FOR ELECTRICAL MACHINERY. 


By Dr. ROBERT POHL, Member. 


(Paper received September 4, 1911 ; read before THE INSTITUTION, December 7, 
1911, and before the YORKSHIRE LOCAL SECTION on December 6, 1911.) 


SUMMARY. 
Introduction. 
Scope and importance of standards. 
Notes and Suggestions on— 
I. Rating. 
(A) Continuous working. 
(B) Intermittent working. 
II. Name-plates. 
III. Classification. 
IV. Wearing depth of commutators. 
V. Performance. 
(A) Sparklessness. 
(B) Overload capacity. 
(C) Voltage regulation. 
(D) Efficiency and power factor. 
(E) Insulation. 
(F) Temperature rise. 
1. Highest permissible internal temperature. 
: 2. Highest temperature of the atmosphere permissible for 
standard machines. 
3. Methods of measuring temperature rise. 
(А) Field coils. 
(a) By external thermometer. 
(b) By resistance method. 
(c) By internal thermometer. 
(B) Distributed windings. 
4. Duration of temperature tests. 
5. Permissible temperature rise. 
VI. Standardisation of pressures and frequencies, outputs, and speeds. 
(A) Pressures and frequencies. 
(B) Outputs and speeds. 
1. Direct-current motors. 
2. Direct-current generators. 
3. Polyphase motors. 
4. Alternators. 
5. Transformers. 
Conclusion. 
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INTRODUCTION. 


The “ British Standards for Electrical Machinery” were issued by 
the Engineering Standards Committee in August, 1907 (Report No. 36). 
Their main provisions are identical with those contained in the Interim 
Report (No. 17) published in 19o4. This first step in the direction of 
standardisation was necessarily of a tentative nature. It was so, unfor- 
tunately, to such an extent that it exerted but little influencc. 

It will be further admitted that in an industry progressing so 
rapidly as the manufacture of electrical machines, standard rules, even 
if quite satisfactory at the date of issue, will not refnain so for more 
than a few years. Under these circumstances it is natural that 
criticism of the present rules and suggestions for a decisive advance 
in the direction of standardisation should have lately become more 
frequent. The desired revision has possibly been deferred in view of 
the deliberations of the International Electrotechnical Commission, 
which, in addition to its valuable work on nomenclature and industrial 
definitions, is turning its attention to the rating of machines. No 
doubt the ideal solution of the problems involved would consist in the 
framing, and, what is more difficult to achieve, the adoption of inter- 
national rules for rating and testing. 

It is gratifying to note the hopeful view which the President of the 
International Commission expresses with regard to this question. He 
states, “Іп many particulars the countries are already in such sub- 
stantial agreement that the anticipated difficulties are much less 
than might at first appear.”* Nevertheless, there are as yet some 
striking differences, to some of which attention will be drawn in 
this paper, and progress is bound to be slow. Moreover, there 
is the important problem of standardising outputs and speeds, which 
would offer the greatest difficulties to international settlement, and 
which has already been approached by the British Standards of 
I907. Further progress in this direction is highly desirable and urgent, 
and for this reason alone, if for no other, it would appear unjustifiable 
to delay the promised revision of the British Standards because of the 
international deliberations. 

I am well aware that the subject of this paper is essentially one for 
the careful consideration of a small committee of experts. Yet the 
widest possible expression of views is not only bound to be of con- 
siderable help in framing new standards, but it will also facilitate 
their general adoption. It is for these reasons, and in response to a 
request by the Chairman of the Yorkshire Local Section, that I venture 
to bring this subject forward for discussion. I wish to refer to Mr. 
Churton's Presidential Address as an expression of the need for revision 
and development of the British Standards. 


SCOPE AND IMPORTANCE OF STANDARDS. 


The scope of standards on electrical machinery may be said to be 
(г) the classification of machines with definitions of the technical terms 


* international Electrotechnical Commission, * Rating of Electrical Machinery," 
August, 1011. 
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employed in such classification ; (2) the specification of the performance 
to be expected from each class ; (3) the formulation of definite testing 
methods to be adopted in ascertaining the performance; (4) the 
fixing of a limited number of standard voltages, frequencies, outputs, . 
and speeds. 

In so far as such standards tend to the production of high-class 
machinery and to the avoidance of disputes between contracting parties, 
they are of inestimable benefit to the community, as users of machinery, 
as well as to the whole electrical industry. Further, if generally 
adopted, they must prove of immense value to the manufacturer. 
They would enable him thoroughly to standardise his machines 
with consequent appreciable reduction in the cost of manufacture. 
The latter point can hardly be over-emphasised, and the degree in 
which this object has been attained by any national standards may be 
taken as a measure of their success or failure. Judging from this point 
of view, the British Standards of 1904 to 1907, in contrast to the 
German “ Normalien,” can only be termed a complete failure. 

The following are probably the main reasons for this. In the first 
place, the British Standards are not comprehensive, many points of 
prime importance not having been touched upon. Secondly, and this 
is an important fact, they have practically remained a dead letter, 
because not many engineers even know of their existence, and very 
few indeed are conversant with their provisions. Reference to the 
standards, so far from being the rule, is an extremely rare occurrence 
Obviously, the mere formulation by a committee, however repre- 
sentative and influential, of standards and the issue of these in print are 
under the existing conditions of the electrical industry not sufficient to 
make the standards effective. To this end they must be brought 
forcibly to the notice, not only of the manufacturer, but of the buyer 
and user of machines. They should be fully discussed by this 
Institution, preferably in all its sections, before their final adoption. 

A further help would consist in the issue of a cheap and handv 
pocket edition for quick reference which this Institution might supply 
free to all its members. It would further be essential to secure 
adoption by the leading insurance companies and the Government 
Departments as far as possiblc. 

If these and other suitable steps were taken to force the attention of 
all concerned upon the standards, I feel convinced that an immediate 
change would come over our industry. 

It has frequently been pointed out how severcly British manu- 
facturers are handicapped by having to build so large a proportion 
of their machines to special conditions, although in the majority of 
these cases standard machines would serve the requirements at least 
equally well. So long as this continues, manufacture in really large 
quantities, with consequent reduction of labour and standing charges, 
as well as improved delivery, will remain impossible even to the largest 
firms. The result is that competition with Continental firms not 
similarly handicapped in their home market is only possible at 
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unremunerative prices. Іп the numerous attempts to explain the 
striking prosperity of the large German firms as compared with the 
corresponding British industry, this most important point has usually 
been lost sight of. Due to the existence of generally accepted rules, 
and to the fact that the consumer is accustomed to adjust his plant so 
as to suit the manufacturer’s standard outputs and speeds, the German 
firms can produce standard machines in large quantities by piece-work 
methods and sell them from stock. On the other hand, generally 
speaking, British firms manufacture individual machines in the absence 
of accepted standards, and competition forces them to quote to almost 
any specification and for any desired output and speed. Perhaps the 
most notable exampie of the admirable and highly beneficial work of 
the Engineering Standards Committee is the standardisation of sections 
for structural steel. This has been computed to have resulted in a 
saving of at least one million pounds per annum. Though the direct 
and immediate saving to be effected by standardising electrical 
machines may not be so great, the possible advantages to be derived, 
if they were expressible in figures, may be valued much higher, 
considering that they may mean the transformation of a weak and 
stagnant industry into a healthy and progressive one. This view can- 
not be seriously affected by the wave of comparative prosperity 
through which most electrical firms are now passing. 

It might be objected, however, that complete standardisation will be 
a hindrance to the introduction of improvements, and thus interfere with 
the process of natural development. But the standardisation of steel 
sections has in no way interfered with progress in manufacturing 
methods, and such apprehensien concerning the electrical industry is 
similarly unfounded, so long as we confine ourselves to the fixing 
of standard outputs and performances, and refrain from the unfortunate 
and only slowly dying practice of specifying the methods by which the 
desired results are to be obtained. So long as the choice of ways and 
means is left to the discretion of the specialist, the path is free both to 
advancement in detail and to entirely new methods. 

The following notes do not represent an attempt to cover the 
ground comprehensively, but only deal with chief points likely to form 
the subject of a profitable discussion. It was therefore thought 
advisable not to adhere to the systematic division into the four 
main sections suggested above, but to follow generally the order 
chosen for the British Standards of 1907, excepting the portions 
dealing with standard outputs and speeds, which, jointly with the 
question of pressures and frequencies, are left over to the end. 


I. RATING. 
Two methods of working are recognised by the Committee, viz. :— 


(A) Continuous working. 
(B) Intermittent working. 


А third, “:hort-period working,” is recognised by the German апа 
VoL. 48. 12 
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Belgian Standards. It is distinguished from “intermittent working ” 
in that the period of running is too short to allow of the final tempera- 
ture being attained, but is succeeded by a period of rest long enough 
to allow of the temperature falling again to practically that of the 
atmosphere. As this class of machine is of very rare occurrence 
in practice, however, it is probably wise to abstain from complicating 
the rules by its introduction. The same remark applies to the 
American “minute rating.” The object aimed at by these ratings 
will be better attained if a subdivision of “ intermittent working ” were 
adopted by deciding upon three standard degrees of intermittency, as 
suggested later on. 

The definitions adopted for both (A) and (B) are open to criticism. 

(A) Continuous Working.—A machine for continuous working is de- 
fined as one which can work continuously for 6 hours and conform to 
the prescribed tests, but this rating, as stated in a footnote, is not intended 
to apply to machines which have to run from week-end to week-end 
without a stop. This latter reservation and the restriction to a 6-hours’ 
run аге іп my view unnecessary and only calculated to cause uncasiness. 
Modern machines, excepting those of very large size and static 
machinery, attain their final temperature practically within 6 hours. 
There is thus no reason why a machine capable of running for this 
length of time should not be suitable for running from week-end to 
week-end, always provided that the bearings, brush-gear, etc,, receive 
proper attention. 

I should suggest that the words “for 6 hours” be eliminated and 
that the following definition be adopted : “ The output of machines for 
continuous working shall be the output at which, with suitable 
attention, they can work continuously from week-end to week-end. 
Their suitability for this shall be proved by their passing the prescribed 
tests.” | 

(B) Intermittent Working.—When framing the definition of inter- 
mittent working, the Committee were aware that the 1-hour test used 
for this definition did not meet the requirements of the industry. 

This clause was stated to be under revision at the time of issue 
in 1907. So far as I am aware, however, no alteration has since 
been made. This question as to the most suitable method of rating 
and testing intermittently working machines has been repeatedly 
discussed during the last few years. There is a consensus of opinion 
as to the unsuitability of the present rules relating to them. 

It is recognised that in the majority of cases the 1-hour rating leads 
to unnecessarily large motors, that the principle of short-time tests is 
wrong, that the rating should depend on the load factor, and that suit- 
able tests to conform with the specified load factor ought to be adopted. 
(I have made definite suggestions in a recent paper,* to which I wish 
to refer.) * 

The following definition may be submitted : “The output of motors 
for intermittent working shall be the output at which, with suitable 

* Fournal of the Institution of Electrical Engineers, vol. 45, p. 216, 1910. 
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attention, they can work from week-end to week-end intermittently 
with the specified load factor. Their suitability for this shall be 
proved by their passing the prescribed tests.” A definition of the 
term “load factor” is required. 

I further suggest that only three standard load factors be adopted 
—namely, 4, Һ- and 3. The load factor 4 is generally applicable to 
motors for lifts and for severe crane and hoist work; { for ordinary 
shop cranes (lifting and travelling), etc. ; 1 for traversing and other 
light duty. 


II. NAME-PLATES. 


The present instructions under this heading appear to be quite 
satisfactory, and an addition would only be required in the cvent 
of a definition for intermittently working machines similar to the above 
suggested one being adopted. In this case the name-plate of such 
machines should state the load factor. 


III. CLASSIFICATION. 


The present standards give the classification of motors with 
reference to the degree of protection under four headings—i.e., 
open, protected, ventilated, and totally enclosed. This classification 
should apply to maghines generally, and not merely to motors, inas- 
much as the first three classes, at any rate, are used for generators and 
converters as well as for ::otors, 

The development of ёле last few years have made it necessary to 
extend the list by the a.llition of flame-proof enclosed machines as 
used for mining purposes. A flame-proof enclosed machine may be 
defined as one in which all live parts are enclosed in a casing or 
casings, so designed as to withstand the effects of an internal explosion 
and to prevent the transmission of the latter to an outside explosive 
atmosphere. This definition would comprise the two known classes 
of flame-proof motors, the non-ventilated or long-joint type, and the 
ventilated or grid type. In addition to the ordinary tests of totally 
enclosed machines, flame-proof motors should in all cases be subjected 
to stringent explosion tests. The details of these require careful 
consideration in collaboration with mining experts. 


IV. WEARING DEPTH OF COMMUTATORS. 


The recommendations under this heading, as reprinted in Table IJ., 
especially those for the larger diameters, go considerably beyond 
what corresponds to good modern practice. A wearing depth of 14 in., 
for instance, is justifiable only on the assumption that the correspond- 
ing commutator will require grinding up or turning some thirty to 
forty times during the useful life of the machine. Such a provision 
was hardly necessary even in the days of copper brushes and glass 
paper. The advent of carbon brushes and commutating poles, coupled 
with improvements in the mechanical design of commutators, have 
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resulted in the fact that turning or grinding, except perhaps shortly 
after erection, has become altogether unnecessary. Тһе commutators 
of modern machines should form a hard, shining surface, which should 
not even be touched with emery cloth except very occasionally. For 
these reasons leading consulting engineers and insurance companies 
specify as a rule much smaller figures than those of the above table. 
A revision of the latter is desirable, not only in the interest of the 
manufacturer exposed to international competition, but also in order to 
save the purchaser useless expense. This is a subject essentially 
suitable for the consideration of the International Electrotechnical 
Commission, seeing that, so far as my knowledge goes, no other 


TABLE II. 


Commutator Diameter. Radial Wearing 


Depth. 
Inches. mn Inches. 
074 
4-6 4 
6-9 E 
9-12 3 
12-18 І 
18-24 1} 
Above 24 Ij 


country has as yet adopted standards for the wearing depth of com- 
mutators. 


V. PERFORMANCE. 


Perhaps the most important points of any standard specification, 
those dealing with the running qualities, have only been touched upon 
by the present standards, so far as temperature rise is concerned. We 
have to consider (A) Sparklessness, (B) Overload capacity, (C) Voltage 
regulation, (D) Efficiency and power factor, (E) Insulation, and 
(F) Temperature rise. 


(А) SPARKLESSNESS. 


Ruling British practice requires stringent conditions on this point. 
I suggest the following clause: “There shall be practically no spark- 
ing at the brushes of commutators or slip-rings at any load up to and 
including full load, and no injurious sparking at the specified over- 
loads, and the position of the brushes, except where otherwise stated, 
Shall remain fixed for all loads.” 
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There is no difficulty in complying with these conditions in modern - 
machinery, and the corresponding clauses in the French, Belgian, 
and German Standards appear to be unduly lenient. The latter state 
that machines must run so sparklessly at all loads that an application 
of glass paper or the like is only necessary after at most 24 hours’ 
running. They also limit the outputs for which the brush position is 
to remain unaltered to the range from } load to full load. 


(В) OVERLOAD CAPACITY. 


Here, again, we find a very striking discrepancy between average 
British practice, which has adopted very large factors of safety, and 
the French, Belgian, and German Standards. The latter specify the 
following overload capacity :— 


Generators us oe 


Motors ... 2 ds ME per cent. for 4 hour, 
Rotary converters E s : 

Motors is ©) 

Rotary converters S [4° рег cent. for 3 minutes, 
Transformers ... Не 


whilst, according to the French and Belgian rules, it is 20 рег cent. for 
a period equal to үу and } respectively of the full-load run. Оп the 
other hand, British specifications generally ask for an overload capa- 
city of 25 per cent. for 2 hours, 50 per cent. for 4 hour, and the 
Standard machines of good makers will stand up to this without 
difficulty. 

Judged from this point of view only, they are on an average 20 per 
cent. larger in output than Continental machines made for the same 
nominal output and complying with the respective country’s standard 
specification. 

In view of the fact, which I shall prove later on, that modern well- 
ventilated machines reach their final temperature after a comparatively 
very short run, an overload of 2 hours’ duration is, in my opinion, an 
unnecessarily severe test for small and medium sizes when following 
upon a continuous run. The principle adopted in France and Belgium 
of making the duration of the full-load run dependent on the time 
required for the machine to reach its steady temperature is theoreti- 
cally correct ; yet, I doubt whether it would work well in practice. I 
suggest that 25 per cent. for 1 hour, roo per cent. momentarily, be 
adopted for machines for continuous rating, and 25 per cent. for 
5 minutes, 50 per cent. momentarily, for intermittently working 
machines. Generators should be capable of maintaining their full 
voltage up to 25 per cent. overload (15 per cent. in the German speci- 
fication) when running at their full-load speed, the power factor in the 
case of alternating-current generators being equal to the normal power 
factor. 
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(С) VOLTAGE REGULATION. 


The voltage regulation of any generator may be defined as the 
difference between the maximum and minimum pressure, stated as 
a percentage of the full-load pressure, which is obtained when gradu- 
ally changing the load from full load to no load with constant 
speed and fixed position of regulators. In the case of direct-current 
shunt dynamos and of alternators there is a continual rise in pressure 
with decreasing load, and the regulation as above defined is identical 
with the percentage pressure rise, obtained when full load is thrown 
off, with constant speed and fixed position of regulators. In the case 
of compounded machines, however, the maximum pressurc does not 
necessarily occur at no load, but may be found at any intermediate 
load, so that the wider definition given above is needed. 

The present rules provide that the regulation of alternators shall 
not exceed 6 per cent. on a non-inductive load and 20 per cent. on an 
inductive load having a power factor of o:'8, and there appears to be 
no reason for departing from these figures, except in cases where a 
much larger pressure rise is permissible in view of the employment of 
quick-acting automatic regulators. 

Generators compounded for constant pressure at all loads should 
maintain this pressure within 2 per cent, and the voltage of over- 
compounded generators, for a rise in pressure from no load to full load 
not exceeding 1o per cent. of the no-load pressure, should not depart 
at any load more than 3 per cent. from the ideal linear load charac- 
teristic. 


(D) EFFICIENCY AND POWER FACTOR. 


A clause fixing the loads for which the efficiency and power 
factor should normally be stated, and subsequently tested, is desir- 
able. Some specifications ask for these figures at 14, 1, 1, 4 and } load, 
others at 1, $, } load, the majority only at full load. For the charac- 
terisation of the efficiency and power-factor curves under ordinary 
conditions the full-load and half-load figures are, in my opinion, 
sufficient. A regulation is further desirable stating by which method 
the efficiency is to be ascertained. I suggest that the measurement 
of the individual losses be adopted as the standard test, where not 
otherwise agreed upon, in view of its simplicity and of the ease and’ 
accuracy with which it can be carried out under almost any commer- 
cial conditions. It is well known that the results obtained by this 
method are slightly too favourable, but the error may be largely com- 
pensated by adding to the I*R losses of the armature or rotor 
windings an ample allowance for the loss in the brushes on com- 
mutator and slip-rings. For fixing the total drop, brushes might be 
divided into three classes, t.e. carbons, metal-carbons, and metal 
brushes. There should further be a list of standard minimum 
efficiencies and power factors in the tablesof standard machines sug- 
gested later on, 
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(E) INSULATION. 


No hygroscopic materials such as cotton and paper should be 
einployed in electric machines unless they are thoroughly impreg- 
nated either before or after winding. It is an open question whether 
the measurement of insulation resistance is of real value in addi- 
tion to a flash test. With regard to the latter the rules should be 
kept as simple as possible. I suggest that all windings for working 
pressures above 200 volts be flashed to earth with alternating current 
of twice the working pressure, but not less than 1,500 volts ; windings 
for less than 200 volts with 1,000-volt alternating current. The pressure 
should be raised gradually for this flash test and the full voltage be 
applied for 1 minute. 


(F) TEMPERATURE RISE. 


There is an extreme diversity of view as to the highest permissible 
temperature rise, which reflects itself in the specifications. The rise 
specified varies between limits as wide as 25 and 55? C. Frequently it 
is stated that “ по part of the machine must rise more than 40? C.," and 
it is not unusual that the same limit is set for the rise after a run consist- 
ing of 6 hours on full load followed by 2 hours on 25 per cent. overload. 

Seeing further that the permissible temperature is of paramount 
importance for the rating of machines, and that the present rules have 
proved unsatisfactory, a more extensive consideration of this subject 
will not be out of place. 

I. Highest Permissible Internal Temperature.—The investigations of 
the National Physical Laboratory made on samples of cotton-covered 
wire * lead to the conclusion that cotton when exposed for prolonged 
periods to temperatures up to 125? C. (257° F.) undergoes no serious 
change. Above 125? C. it darkens in course of time, without, however, 
losing its insulating qualities, and even at 180° C. it proved an excellent 
insulator from the electrical point of view. Judging merely by change 
in colour, 125? C. (257? F.) is given as approximately the safe limit. It 
would probably be unwise to exceed this figure for extended periods, 
especially where non-impregnated cotton is present, because the 
change in colour is an indication of the well-known change in the 
mechanical properties of the fibre which “loses its nature," involving 
the danger of internal short circuits, more particularly in non-stationary 
coils. These experiments, however, were carried out with non- 
impregnated cotton, and are therefore not directly applicable. The coils 
of modern machines are vacuum-dried and pressure-impregnated in 
such a manner that the varnish completely permeates even heavy coils, 
and when dried the pores of the cotton throughout the coil are filled 
with a cohesive substance capable of withstanding a temperature higher 
than 125? C. The experiments of the National Physical Laboratory on 
the influence of temperature on insulating materials,] during which 


* Engineering Standards Committee, Report No. 19, p. 19. 
T Journal of the Institution of Electrical Engineers, vol. 34, p. 613, 1905. 
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impregnated and non-impregnated press-spahn, oilcloth, and similar 
materials were investigated, tends to confirm the view that impreg- 
nation reduces to a certain extent the deleterious effect of high 
temperatures on the mechanical properties. In view of the above, and 
of the rule suggested under “ Insulation," that all hygroscopic insulating 
materials such as cotton must be thoroughly impregnated, I submit 
that we work with an ample margin of safety if we limit the highest 
internal temperature of field coils to 125°C. It must be kept in mind 
in this connection that the inner portions of field coils exposed to this 
temperature have only a very small potential difference between layers, 
and are tightly packed so that there can be no suggestion of severe 
mechanical or electrical stress. As a matter of fact, certain not 
uncommon types of field coils of modern machines, showing a surface 
rise of not more than 4o to 45? C., frequently possess internal tempera- 
tures much beyond 125° C. and no ill-effect is experienced. 

For direct-current armatures and alternating-current stator und 
rotor windings a more conservative rating is desirable, in .view of 
vibrations and high differences of pressure between layers. I suggest 
the rules should be framed in such a manner as to ensure that the 
highest internal temperature of distributed windings will in no part 
exceed 110° C. Before we can proceed to the consideration, on this 
basis, of the temperature above the surrounding air to be permitted as 
the result of specified tests, we must discuss the question as to the 
highest temperature of the atmosphere for which standard machines 
are intended to be suitable, the important problem as to the best 
methods of measuring: the temperature, and lastly, the duration ot 
tests. 

2. Highest Temperature of the Almosphere permissible for Standard 
Machines.—The British standards give this figure as 25? C. (77° Ғ.), 
whereas the German rules are based on an air temperature of 35? C. as 
a maximum. I strongly urge that the same figure, i.e, 35° C., be 
adopted as the basis for the British standards. This suggestion is 
made not so much with reference to the working conditions in this 
country—although the temperature in many British factories, and even 
in the central stations, is frequently in excess of 25? C.—but chiefly in 
order to meet the requirements of the export trade. If it is generally 
understood that standard machines are amply safe for any air tempera- 
ture up to 35° C. (95° F.) a large proportion at any rate of export 
machinery need no longer be made to abnormal conditions relating to 
temperature rise, а point which is likely to benefit us appreciably in 
foreign markets. 


3. Methods of Measuring Temperature Risc.—(A) Field Coils. 


(a) By External Thermometer—Average British practice, as distin- 
guished from the “ British Standards,” permits a rise of 70° to 75? F., or 
about 40° C., as measured by thermometer on the surface of any 
stationary or moving coils. This is lower than required in the interest 
of safety where distributed windings are concerned, in which there is 
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only a small difference between the highest temperature in the interior 
of the coils and the surface temperature. It is justifiable, however, 
in the case of stationary field coils, in which the highest internal 
temperature rise may be anywhere from 1} to 2}, and even 34 times 
as high as the rise of the surface, the ratio depending chiefly on the 
depth of the coil, the amount of taping and covering of its surface, and 
the intensity of cooling. This uncertainty as to the relation of the 
maximum to the surface temperature was strikingly demonstrated by 
Mr. Rayner’s expcriments, carried out at the National Physical 
Laboratory. To judge from the results given in his Table IL, * one of 
the coils tested (No. 8), which was covered with Жіп. thickness of 
canvas, paper, and leatheroid, and also with string 4 in. thick, would 
possess a maximum internal temperature of at least 150? C., with a rise 
of the surface of only 40? C., whilst another coil (No. 9) wound on a 
metal former and without external covering would for the same rise 
of the surface be less than 75? C. inside. 

Results such as these prove that the present practice of judging 
field coils from the temperature rise measured on the surface is not 
only unscientific but may be misleading to the point of danger. 
Indeed, this is generally becoming more serious with the employment 
of forced ventilation, which leads to an increase in the permissible loss 
per unit of surface, but must at the same time necessarily raise the 
internal temperature gradient. 

There is another aspect to this problem. So long as through the 
character of the test the surface temperature is made of foremost 
importance there is little inducement for manufacturers to introduce 
methods of design and ventilation leading to a low temperature gradient 
inside the coil. In fact, the outer surface of coils is now frequently 
covered, not merely with thin taping, which affords a desirable protec- 
tion for motor work, but with quite an excessive amount of canvas, 
presspahn, leatheroid, and string. This has а very decided effect on the 
internal temperature, but does not appreciably raise the temperature 
of the surface, and it may thus be done with impunity so long as 
surface measurements remain the ruling test. The difference in the 
methods of testing for temperature rise also explains the difference in 
the design of field coils of German and British machines. The former 
employ to a very large extent subdivided and ventilated coils, which 
are very rarely met with in this country. 

(b) By Resistance Method.—In view of these or similar considera- 
tions the Engineering Standards Committee in 1907 followed the 
decision comc to a few years previously by the German Institution, 
viz., that the temperature of field coils shall be measured by the resist- 
ance method. The increase in resistance indicates the mean instcad of 
the surface temperature, and is therefore considered to approach more 
closely the all-important peak value. 

The rule reads :— 

“The measurement of the rise in temperature of stationary coils, 

* Sournal of the Institution of Electrical Engineers, vol. 34, p. 655, 1905. 
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and whenever practicable that of moving coils, shall be made by the 
resistance method. 
“ The rise in temperature is given by the following formula :— 


resistance hot ) , 


“Temperature rise in °C = (238 + 0 (Ie d — I 


“where t = temperature in °C., at which the resistance cold is 
measured. 

“The permissible temperature rise for stationary coils (by resist- 
ance) is 60? C. (108° F.).” 

The German rules are similar, but while allowing 60° C. rise for . 
cotton covering, they permit a rise of 70°C. for stationary coils of 
paper-insulated wire, and go°C. for stationary coils of enamel or 
asbestos-covered wire in all cases measured by resistance method, they 
also consider these figures safe for a room temperature of 35°C., 
whereas the British Standards assume an air temperature not exceed- 
ing 25°C. 

It must again be pointed out that the recommendations of the 
British Standards relating to temperature tests have made practically 
no impression on the British electrical industry. 

The resistance method is not adopted in morethan perhaps one case 
in a hundred, and where it is specified its spirit is frequently misunder- 
stood, and a temperature rise of about 40° C., usual for surface measure- 
ments, is specified to be obtained by resistance method. 

There is a twofold reason for this disappointing result. In the first 
place, no doubt the standards are not sufficiently known. Secondly, 
however, we are driven to the conclusion that the resistance method, 
simple as it is to the professional tester, is yet too cumbersome and 
complicated in its application for the average engineer. It also pos- 
sesses inherent defects. As it requires the measurement of the 
resistance cold in addition to the warm resistance, definite con- 
clusions cannot be obtained from the state of the machine at 
the end of the test only. Frequently where the resistance method 
is resorted to, it is found necessary for the inspecting engineer to 
return to the works a day after the official test for the verification of 
the resistance cold, because preliminary runs made it impossible to 
ascertain this with accuracy at the beginning of the test. It is a 
decided drawback of any test if it relies on the difference betwecn two 
measurements taken under different conditions and at different times. 

Finally, this important fact must not be lost sight of : The resist- 
ance method furnishes after all only the mean temperature of the whole 
field circuit, and takes no account of the discrepancies in the tempera- 
ture of individual coils. The latter are sometimes very appreciable 
indecd, so much so that the rise of the surface of the coil in the top 
half of a slow-speed machine, measured by thermometer, is occasion- 
ally found to be higher than the mean rise of all coils found by the 
increase in resistance. Considering all these points, we are driven to 
the conclusion that the resistance method, in spite of its almost 
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universal official recommendation, represents by no means ап ideal 
solution of the problem. 

This reopens the search for a way of ascertaining the highest 
internal temperature of a coil with a reasonable degree of accuracy. 
To be suitable for commercial conditions any such method must be 
extremely simple and reliable, and must require no special instruments. 
This condition eliminates at once the well-known laboratory method 
involving the use of thermo-couples. It should, furthermore, give the 
internal temperature as directly as possible, and thus act as an induce- 
ment to study the design of field coils with a view to lowering not 
merely the surface but the internal temperature. 

(с) By Internal Thermometer.—I submit that it is possible, without 
serious inconvenience to manufacturers, to provide for a direct 
measurement of the internal temperature by means of the thermo- 
meter. It is only necessary to this end to wind into the field coil at a 


Section A-B. | 


FIG. I. 


point where the maximum temperature may be expected a distance 
piece of wood or other insulating material enabling the subsequent 
insertion of a thermometer. Fig. 1 indicates the arrangement of the 
distance-piece for field coils. Insertion of the thermometer either from 
the top or from the bottom may be arranged for according to conveni- 
ence. To receive a thermometer about 3 mm. thick, the distance-piece 
need only be 4 mm. wide, and would not add to any appreciable extent 
either to the external dimensions or to the cost of the coils. The objec- 
tion might be raised that one cannot with certainty predict at which 
point the highest temperature is likely to occur, but I submit that the 
test will be sufficiently accurate for practical purposes, if we provide 
for the measurement of the temperature at or near the centre of gravity 
of the coil section at any convenient point of the circumference of the 
coil. Тһе temperature curves for the interior of field coils are so flat 
in thc neighbourhood of the peak that no serious error will be intro- 
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duced even if this point is not the theoretical maximum. This is 
clearly visible from the researches of the National Physical Laboratory, 
which further prove that there is practically no temperature gradient 
in the circumferential direction anywhere in the coils. Nevertheless, 
to be quite safe we can take the possibility of such errors into account 
by making a reasonable allowance for them in fixing the permissible 
temperature as measured in this manner. But such allowance need 
only be small, sav 10? C., because we shall certainly get results much 
closer to the maximum than are obtainable by the resistance method. 
To prove this contention a series of tests was carried out on coils as 
shown in Fig. т. The internal thermometer registered in all cases а 
temperature rise between 12 per cent. and 20 per cent. higher than 
was ascertained by resistance method. The curves in Fig. 2, which 
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are sclf-explanatory, may serve as example. In the case of very small 
machines, below, say, 10 H.P., the depthof the coil is not so great as to 
justify provision for internal measurement, the temperature of the sur- 
face being a sufficient indication of its internal rise. 


(B) Distributed Windings. 

According to the present British Standards all stationary coils, 
which includes alternating current stator windings, must be tested by 
the resistance method. For rotating coils the rule applies that they 
shall be tested by resistance method whenever practicable, but “ when 
it is not practicable to measure the resistance of a coil, the rise of 
temperature shall be ascertained by means of a thermometer or 
thermo-couple placed in contact with the coil or core, whichever 
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be the hotter." The permissible rise is given as 60°C. by resistance, 
50? C. by thermometer or thermo-couple. 

Whilst opinions may differ as to the suitability of the resistance 
method for field coils, there is likely to be general agreement with the 
contention that its employment is unnecessary in the case of all dis- 
tributed windings. It is generally possible to find portions of such 
windings, the temperature of which, as measured by thermomcter, 
is at least as high as the mean temperature of the whole winding 
measured by resistance method. ‘his is due to the difference in tem- 
perature between the parts of the winding embedded in slots and those 
outside the core. 

Furthermore, the resistances in question are mostly of a very low 
order, and whilst their accurate measurement may meet with no serious 
difhculty at the maker’s works, it is mostly far from simple and fre- 
quently impracticable on site under ordinary conditions. No method 
of measuring the temperature rise can, however, be considered satis- 
factory which is not capable of easy application on site and under 
ordinary working conditions, as well as in the testing department of 
the manufacturer. The resistance method is also evidently unsuitable 
for windings in which equalising connections are employed, as it will 
give no indication of the temperature to which the latter will rise. | 

Under these circumstances there appears to be no justification for 
retaining the resistance method for distributed windings, the simple 
thermometer test being preferable from all points of view. 

4. Duration of Temperalure Tesis.—The present rules provide for а 
6-hour test for all rotating machines irrespective of size. It is well 
known, however, that very small machines may reach their final tem- 
perature within less than 1 hour, whilst large slow-speed generators and 
alternators require sometimes more than ro hours to reach a settled state. 
Manufacturers should not be compelled to run small motors for quite 
unnecessarily long periods. On the other hand, purchasers of heavy 
plant cannot be expected to be satisfied with a run of only 6 hours. The 
solution of this difficulty seems to lie in the adoption of a rule similar 
in principle to that at present in force for the testing of transformers, 
which reads : “ They shall be run on load for a period sufficiently long 
to enable the transformer to attain such a temperature that the increase 
of temperature does not exceed 19 C. per hour." If a similar rule were 
employed for rotating machinery the duration of the run would cor- 
rectly depend on the time constant T of the machine, 2.е., on the ratio 
watt-hours stored per degree temperature rise. 
watts dissipated per degree temperature rise 
one gets near enough the final temperature rise in modern rotating 
machines if the temperature at the end of the run is still rising 
at the rate of 1° C. during the half hour, and that for 1° C. 
in x hour the duration of the test is longer than needed. To prove 
this I have plotted in Fig. 3, curves C and D, the duration of the 
test for both 1? rise during the last hour and 1? rise during the last 
hatf hour. Curves A and B indicate the respective errors introduced 


I submit, however, that 
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by not continuing the tests indefinitely. The curves are plotted as a 
function of the time constant T. Fig. 4 shows the time constants for 
a series of modern protected-type motors up to 250 Н.Р. [t will 
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FIG. 4. 
be found that the largest of these machines has a time constant of 


only 1°15. 
The time necessary to reduce the gradient of the temperature curve 
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to 1° С. rise during the last half hour is 3} hours, and the difference 
between the temperature attained and the final is less than 2° С. fora 
final rise of 50° C. 

By making an allowance of, say, 5° С. to cover this difference, we 
should therefore be quite safe in stipulating the length of the run on the 
suggested basis of 1° С. rise, i.e., 2 per cent. increase in temperature 
rise, during the last half hour of the run, even for very large machines. 

If we continued to run the above 250-H.P. motor until the rise was 
only 1° С. during the last hour, the total duration of the test would be 
about 5 hours, but the further rise during the additional 1} hours would 
only be about 1° C., which is well within the accuracy of such tests. 

The curve, Fig, 5, giving the time required for well-ventilated 
machines to approach their final temperature, will perhaps be sur- 
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prising to those not in intimate contact with modern developments. 
Jt appears that under the suggested rule a 10-H.P. protected-type motor 
need only be tested for 2 hours, a 50-H.P. protected-type motor for 
24 hours, and the error introduced by reducing the testing period to 
these low figures is less than 1° С. in both cases. Summarising, I 
suggest the following rule: The duration of the full-load test shall be 
such that the temperature rise shall not increase by more than 2 per 
cent. during the last half hour of the run. In order to ascertain this, a 
thermometer fixed to a suitable stationary part of the machine shall be 
employed. | 

As the duration for the test of very small machines would obviously 
become exceedingly short, it might perhaps be advisable to fix a 
minimum length of test of 2 hours. 
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The foregoing considerations will now enable us to make definite 
suggestions on the last point. 

5. The Permissible Temperature Rise, as ascertained by the Specified 
Tests.—This must be such as to ensure that in the interior of field 
coils the actual temperature of 125? C., and in distributed windings 
IIO? C., is not exceeded. The highest rise must, in consequence, not 
exceed 125 — 35 == 90° C. and 11» — 35 = 75? C. respectively. For dis- 
tributed windings, such as direct-current armatures, alternating-current 
stator and rotor coils, which must be measured by thermometer on the 
surface, an allowance must be made for the temperature drop in the 
outer insulation and in the interior of the coil. The sum of these 
is not likely to exceed 20? C. In addition we are to allow 5? C. to 
meet the discrepancy due to reducing the durations of the test, or a 
total of 25° C., leaving a rise of 50° C. In the case of field coils for 
 direct-current machines and alternators if measured by internal ther- 
momcter the margin to be allowed consists of 1o? C. possible error due 
to the thermometer not being placed at the point of highest tempera- 
ture, and 5? C. on account of the reduced length of run, leaving a rise 
of 75° C. This is, in my view, a much safer specification than the 
usual one of 40? C. rise measured at the surface, and also safer than 
the present recommendation of 60° C. measured by resistance method. 

Special Heat-resisting Materials—Where special materials designed 
to resist high temperatures are employed a much higher temperature 
rise is rightly permitted by the present standards, but the exact amount 
is left to agreement. The development of such well-known materials 
as asbestos and enamel-covered wires, which are bound to become of 
great importance, might well be encouraged by allowing definite higher 
figures where they are employed. 

Single-layer Windings of heavy copper strip, wound on edge, as 
largely employed for commutating poles, and sometimes for alter- 
nator coils, would also be quite safe if one allowed a temperature rise 
of 75? C. as measured by thermometer on the surface, seeing that such 
coils possess an almost uniform temperature throughout. 

Squirrel-cage Rolors.—There need further be no limit to the tempera- 
ture of squirrel-cage rotors, unless ordinary soldered joints are em- 


ployed, for which the approximate limit of safety is a temperature 
of 150°C, 


VI. STANDARDISATION OF PRESSURES AND FREQUENCIES, OUTPUTS, 
AND SPEEDS. 

The last and from the manufacturer's point of view probably most 

important problem, is the standardisation of outputs and speeds which 

must be considered in conjunction with the fixing of standard pressures 


and frequencies. 
(A) PRESSURES AND FREQUENCIES. 


The resolutions adopted by the British Standards Committee fix 
the standard low pressures for direct- and alternating-current generators 
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at 115, 230, 460, 525 volts, for motors at 110, 220, 440, 500 volts, the 
high pressures at 2,200, 3,300, 6,600, 11,000 volts, and 2,000, 3,000, 
6,000, and 10,000 respectively. 

In view of recent developments, and in order to simplify the stan- 
dardisation of machines, it would be advisable to delete 115 and 
110 volts, retaining this voltage only for exciters. The provision 
for 115/110-volt armatures in a series of standard direct-current 
machines leads to many difficulties due to the great length of the com- 
mutator. Happily this pressure continues to be employed only in a few 
small private plants, its adoption for new installations is justifiable only 
in rare cases, and generally speaking it should be discouraged. I also 
suggest the replacement of 525 and 500 volts by 580 and 550 volts respec- 
tively, which are at least equally common pressures, and preferable in 
the interest of easy standardisation, as will be seen later on. 

The standard frequency for alternating-current work is 50 cycles, 
but "exception is made where the circumstances demand a lower fre- 
quency, in which case a standard of 25 periods per second shall be 
adopted." It may be questioned whether the latter recommendation, of 
25 cycles, is still justified. 

Some public supply authorities adopted this frequency at a time 
when 5o-cycle rotary converters were as yet of doubtíul reliability, 
and the above recommendation was probably influenced by similar con- 
siderations. For ordinary industrial purposes a 25-cycle supply has 
important disadvantages, and its adoption renders the standardisation 
of machinery appreciably more difficult. Cognisance might be taken of 
the fact, however, that the frequency of 40 cycles has been largely 
adopted for private installations, and that it is the standard frequency 
of some of the largest supply authorities in the country. It possesses the 
important distinction that it is approximately the lowest periodicily at 
which metal filament lamps may be employed without discernible 
flicker, and it leads to higher power factors compared with 50-cycle 
circuits, especially where slow-speed machinery has to be installed. 

From the manufacturer's point of view the provision for 40-cycle 
machines in connection with a system of standard 50-cycle motors and 
alternators would meet with no serious difficulty. 


(B) OUTPUTS AND SPEEDS. 


The British Standards Committee took a very important and bold 
step in deciding upon a series of normal outputs and speeds for 
direct-current and alternating-current generators up to 1,000 k.w. and 
for motors up to 100 H.P. That there are no such standards in the 
German “ Normalien" is probably accounted for by the process of 
concentration in the German electrical industry, from which emerged 
a very small number of large firms strong enough to enforce their 
own standard outputs. 

Thetables for direct-current and alternating-current motors given in 
the standards of 1907 unfortunately contain only one speed for each 
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standard output, and the output steps are further too big. These lists 
fail to satisfy the greatly varying requirements of the user. To meet 
practical needs with the smallest possible number of frames and wind- 
ings modern methods of standardisation must be employed in drawing 
up the output tables. It is particularly essential that for every standard 
output there should be a reasonable number of standard speeds arranged 
with approximately uniform steps. 

I. Direct-current Motors,—The columns 1 and 2 of the following 
table represent the present recommendations, and their defects will be 
seen from the added columns 3, 4, 5, and 6. Column 3 gives output in 
horse-power per 1,000 revolutions. Column 4 contains the output steps, 
and column 5 the speed steps, in every case expressed in percentage of 
the lower figures. Column 6 gives the steps of the figures in column 
3, hereafter called “frame step." 


TABLE II. 
1 2 3 4 5 6 | 
R БН 1000 
B.H.P. M Det Revs. per | Output Step. | Speed Step. | Frame Step. | 
А 6 6 \ Per Cent. Per Cent. Per Cent. | 
1,600 O'I5 
i | moo sy mum 
I 1,400 0'715 ion 27 15 
2 1,100 1:820 50 2 Ы 
3 1,100 2730 67 io 3 
5 1,000 5'000 | 50 x го 
10 2 II'IOO о 6 1 
15 50 17°700 33 6 i 
20 800 25'000 E 7 "B 
30 750 40000 33 7 43 
40 700 57:200 25 8 35 
50 650 77000 50 8 2 
75 боо 125-000 33 6 
100 550 182000 9 4 


The irregularity in the steps of output and speed, and consequently 
in the frame steps, will give an indication of the difficulties which would 
face a designer if he were to attempt laying out.a systematic line 
of machines on the basis of the present recommendations. On the 
other hand, the prospective purchaser of a motor when referring to 
this list is likely to find the speed given so far different from the 
one most convenient under the circumstances that he proceeds to send 
out inquiries without any reference to standards, whereas a table of 4 or 
5 speeds would most likely contain one quite near enough to his require- 
ments. 

The output steps will naturally be smaller, the larger the machines, 
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I therefore suggest that we decide on three classes of machines : 
namely, small machines, frame figure below 10 ; medium-size machines, 
frame figure between 10 and 750; and large machines, frame figure 
above 750; that we fix the output steps for each class as follows :— 


Small motors, output steps тоо per cent. to 50 per cent. 

Medium-size motors, output steps 25 per cent. 

Large motors, standardisation of these may be left to manufac- 
turers for the present, as they are not made in quantities. 


The outputs suggested are as follows :— 
Small motors, $, 1,2, 3, 5, 74 Н.Р. 
Medium-size motors, 10, 12%, 16, 20, 25, 32, 40, 50, 62, 80, 100, 125, 
160, 200, 250, 320 H.P. 
The standard outputs should be used in all cases both for direct- 


current and alternating-current machines, so that the figures impress 
themselves on the mind. The first line of standard speeds must also 


TABLE III. 


Small Motors. 


| 
Revs. per _B.H.P. x 1000. | ^ 
) Minute. Revs. per Minute Output Step. | Speed T Frame Step. 
| | | 
| . Per Cent. Per Cent. | Per Cent. 
i | 1,050 0 303 \ roo 10 , 120 
I 1,500 0°666 
Н | vec LBS || тоо II | 122 
| (35 45 ir 50 I0 | 65 
3 1,225 2 450 | 66 ІІ | 8c 
5 | 1,100 4°550 50 10 65 
EXE IM M 


be chosen with approximately constant steps so that equal frame steps 
are obtained, especially for the medium-size machines. 

Except so far as this consideration necessitated alterations, the 
present standard speeds have generally been maintained in the 
following tables III. and IV., which. give the suggested first line 
of standard speeds. 

These tables might be objected to on the ground that the number 
of different sizes suggested is too great, and the output step really 
smaller than necessary- That such criticism is unjustified, how- 
ever, will be more clearly seen if we proceed to develop from the 
above line the lists of standard speeds possible for each standard 
output. These are obtained by lowering the speed of the larger or 
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raising the speed of the next smaller motors to that at which they are 
just capable of giving the respective standard output. The speed 
steps thus obtained will then be approximately equal to the frame 
steps in the above tables, і.е., 65 per cent. to 120 per cent. for the 


B.H.P. 


TABLE IV. 


Medium-size Motors. 


Келе АШ те Output Step. | Speed Step.| Frame Step | 
кее ске ware 
| Per Cent. Per Cent. Per Cent. | 

А о Hd "bo 3 200 | 
840 I 3 А 3 3175 

: o 25 6 330 | 
2 25 4 30°0 
n ks 25 6 320 
575 2 o 25 4 295 
675 749 x М 2. 
650 go" я : x 
625 1280 25 | 52 
1670 25 : 2c 
570 2100 3 Я 
550 20170 25 5 319 
525 38го R 2 o 
500 500'0 | 1 210 


480 6660 | : 


small, 29 per cent. to 33 per cent. for the medium-sized machines, and 
these figures, in my view, are by no means smaller than practical 
requirements necessitate. 

Tables V., VI., and VII. are derived in this manner :— 


м4 
ONIN к 
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| 
| 
| 
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TABLE V. 


Small Motors (220 Volts). 


| Standard Speeds. 


— 1,650 750 | 
3,300 ^ 1,500 675 

| 3,000 1,250 815 | 
| 2,000 1,225 660 
2,000 1,100 665, 
1,650 1,000 — 


1,330 = - | 
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TABLE VI. 
Medium-size Motors (440 Volts). 


| B.H.P Standard Speeds. 


Motors for less than 10 H.P. should be made for 220 volts as far as 
possible. The medium-size motors will in the majority of cases be 
made for 440 volts. They may be used for 550 volts, however, with 
merely an alteration to the field coils. As the steps from 440 volts to 


TABLE VII. 
Medium-size Motors (550 Volts). 


Standard Speeds. 
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550 volts is equal to the output step—i.e., 25 per cent.—the list of 
standard outputs will hold good for 550-volt machines. Any standard 
440-volt motor, fitted with 550-volt field coils, will at 550 volts give the 
output of the next larger standard 440-volt machine at a speed about 
25 per cent. above its standard speed for 440 volts. The use of com- 
mutating poles allows of this being done without fear of sparking. 

It will be seen that not only the outputs but also the speed figures 
are identical with those of the 440-volt list. 

2. Direct-current Generators for 460 and 580 Volts.—Complete lists of 
these are immediately obtained from Tables VI. and VII. by adopting 
the principle that the standard 440-volt motor armatures are again to 
be employed without alteration. 'To make this possible the motor 
speed will have to be raised, which affects the outputs proportionately. 
The tables for 460-volt and 580-volt machines will again be identical. 


TABLE VIII. 


Medium-size Generators (460 Volts or 580 Volts). 


Kilowatts. Standard Speeds. 
9 — 1,080 875 680 530 
11 1,320 1,040 820 640 510 
14 1,300 1,000 780 620 480 
17% 1,220 950 750 590 460 | 
22 1,150 goo 700 550 440 | 
274 1,120 860 670 530 420 | 
35 1,060 820 640 510 400 
45 1,000 780 615 480 380 
55 970 750 590 4бо 360 
70 940 720 570 440 34° 
85 880 680 540 420 325 
105 850 650 510 400 310 
135 820 625 490 380 295 ` 
170 770 600 470 360 — 
215 730 570 440 == | NT | 
270 700 540 — — — 


3. Polyphase Motors for 50 Cycles.—The list of standard outputs for 
direct-current motors may with advantage be adhered to. It should 
apply as far as practicable to the standard synchronous speeds of 
1,500, I,000, 750, 600, 500, 428, 375, etc. This leads to Tables IX. 
and X. 

All these outputs are obtainable with a comparatively small number 
of standard patterns by suitably altering the internal design only. 

Polyphase Molors for до Cycles.—Here again the list of standard 
outputs may be maintained, at least for all medium size machines. 
Seeing that the step from 40 cycles to 50 cycles is 25 per cent., and 
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this equals the output steps, we may use the whole list of standard 
50-сусіе machines and run them as 40-cycle motors with correspond- 
ingly slower speed and the next lower standard output, without any 
alteration except to the stator winding. The list of standard motor 
outputs might also be adhered to should it be found desirable, in 
course of time, to proceed to the standardisation of totally enclosed 
machines, traction and crane motors. 


TABLE IX. 


Small Motors (5o Cycles). 


| B.H.P. Standard Synchronous Speeds. 


| à 1,500 1,000 
| I 1,500 1,000 
| 2 1,500 1,000 
3 1,500 1,000 
5 1,500 1,000 
| 74 1,500 1,000 
b —Ó— — s 
TABLE X. 


Medium-size Motors (50 Cycles). 


B.H.P. Standard Synchronous Speeds. 
| | | 
| IO 1,500 I,000 | 750 -- -- n Жа 
| 124 1,500 1,000 750 -- — -- 
| 16 1,500 | 1,000 | 750 | боо — -- | — 
20 1,500 1,000 750 боо — — | — 
25 1,500 1,000 750 600 -- -- |! — 
| 32 1,500 1,000 | 750 600 — — | — 
| 40 1,500 1,000 750 боо 500 ЕЗУ 1-15 
50 1,500 1,000 750 боо 500 =, 
624 1,500 1,020 750 боо 500 428 — 
| 80 I,500 1,000 | 750 600 500 428 — 
| 100 -- 1,000 750 боо 500 428 375 
125 — 1,000 750 боо 500 428 375 
160 — 1,000 750 600 $00 428 375 
200 -- -- 750 боо 500 428 375 
250 - sed = 750 | боо | 500 | 428 | 375 
| 320 -- — 750 600 500 428 375 


4. Alternators.—For the standardisation of alternators, it will be 
desirable, instead of making new patterns throughout, to employ as far 
as possible the mechanical parts of the polyphase motors. For this 
and other reasons, I suggest that the principle of 25 per cent. output 
steps be adhered to, and that the standard outputs in kilovolt-amperes 


Mr. 
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be as follows: 10, 124, 16, 20, 25, 32, 40, 50, 62, 8o, 100, 125, 160, 200, 
250, 320, 400, 500 k.v.a. 

It will be seen that these figures are the same as the B.H.P. figures 
suggested for both direct-current and alternating-current motors. 
This list would hold good for 5o- as well as for до-сусіс machines, the 
same frames being employed. The standard polyphase alternators 
could of course be wound for single-phase, and in this case the list of 
outputs might again be left unaltered. 

By way of example, the soo-k.v.a. size, if wound for single-phase, 
would be designed to give 320 k.v.a. 

5. Transformers.—The output list of 3-phase transformers should be 
identical with that of polyphase alternators, so that the above figures 
аге again applicable. It may be noted, that if a line of single-phase 
transformers were developed by using in all cases two cores of the 
standard 3-phase transformers, the output list need not be altered, 
the 500-k.v.a. transformer for 3-phase corresponding with the 320-k.v.a. 
size for single-phase, etc. 


CONCLUSION. 


It is hoped that the foregoing suggestions will not be considered 
as merely an attempt to further the one-sided interests of manufac- 
turers. It should be clearly recognised that the proposed thorough 
standardisation is likely to be a success only if and in so far 
as it is to the advantage of both producer and user. A successful 
attempt in the interest of cheapness to introduce clauses not 
thoroughly compatible with reliability, or else to reduce unduly the 
number of standard sizes, is bound to defeat its own object. Engineers 
cannot be expected to adopt the Standard Specification and, wherever 
practicable, to adjust proposed plants so as to employ standard 
machinery unless it is clearly to their, or their clients, benefit to do so. 


DISCUSSION. 


Mr. T. HARDING CHURTON : Dr. Pohl has referred to my Inaugural 
Address to the Yorkshire Local Section last year as an expression of the 
need for revision and development of the British Standards, from which it 
might be inferred that I had urged the adoption of certain standard sizes 
of electrical machinery as recommended by Dr. Pohl. In my address, 
however, though I urged the desirability of establishing agreement as to 
the definitions of terms used and the adoption of certain standard speci- 
fications respecting the performance of electrical machinery, qualities of 
materials, and other such matters ; I expressed the opinion that the 
system of individual standardisation that was in vogue had left manufac- 
turers free to develop their designs in a way that would not have been 
possible under a system of uniform standards of output and speed. One 
difficulty in the way of the adoption of certain standards of output and 
speed is the fact that there is so great a diversity in electrical supply 
systems. A motor that is made for a certain output when operating on 
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one kind of alternating-current supply, will have a number of different 
outputs when wound for other alternating-current supplies; апа it 
cannot be expected that these would always fit the listed standards. 
So that until electric supply authorities can be persuaded to adopt one 
or two standard systems of electricity supply, I cannot see much 
prospect of the gencral adoption of Dr. Pohl's suggestion with regard 
to standards of output and speed. With regard to rules for the rating 
and testing of electrical machines, upon which there exists great 
diversity of opinion and practice—which is attended by much 
inconvenience—it is to be hoped that the Standards Committee will 
revise and amplify their work in that connection. The testing of 
motors for six hours—regardless of size—is, as Dr. Pohl has shown, 
unsatisfactory. As regards the testing of motors for intermittent use, 
some experiments made in order to determine the relation between 
running for a given time continuously and for an indefinite period 
intermittently, may be of interest. A ventilated motor that was run for 
one hour continuously acquired the same temperature rise as when 
run at the same load for an indefinite period with an intermittency 
factor of 3 in 4; that is to say, run for three minutes, stop for one; a 
rale of intermittency, which is, I should say, considerably in excess of 
most requirements. When totally enclosed and run for one hour 
continuously, the temperature rise of the motor was equivalent to run- 
ning with the same load at an intermittency of 1 in 3, while under 
the same conditions a continuous run of half an hour was found to be 
equivalent to an intermittency factor of 1 in 6. I do not suggest 
that these figures apply exactly to all motors, but as there is nothing in 
the Standards Committee Report to indicate what a continuous run 
of one hour is equivalent to in intermittent work, they may serve as a 
guide. 

Мг. W. E. RoBsoN : The subject of the standardisation of dynamo- 
electric machinery is, I think, a subject not for a single discussion, but 
one which would merit, at any rate, a discussion once a session until 
something is done. All those who are acquainted with the Engineering 
Standards Committee recommendations know very well they are a dead 
letter altogether. Before we get anything in the nature of standards 
adopted we shall find there are one or two great factors which have to 
be overcome. We first of all have to embark upon a very great 
educational campaign ; we have to educate all the engineers of the 
Country and all the people who are using electrical machinery—and a 
great number of electrical machines are ordered direct from manu- 
facturers by people who are not engineers themselves and who do not 
employ consulting engineers. Before discussing the terms that the 
recommendations of new standards should have, it is necessary to 
consider the reasons for the failure of the old recommendations, the 
Provisional ones of 1904 and the final ones of 1907. I think we might 
take it primarily that, so far as we are concerned at any rate, stan- 
dardisation was intended to benefit the electrical industry. It was 
intended to do that in two ways: first of all by enforcing such a 
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standard of performance as to encourage the use of electrical machinery 
and prevent unfair competition in selling machines, and, secondly, to 
lower the cost of manufacture of the machines to enable the makers to 
make fair profits while allowing cheaper selling prices, and with these 
profits to further the improvement of electrical machines and of the 
industry generally. Now with regard to the first point, the standard of 
performance, if the manufacturers of electrical machinery would agree 
among themselves to faithfully observe the standards which are going 
to be recommended by the electrical engineers of the country as a 
whole, and if it be made an offence against the law for foreign manu- 
facturers to sell machines here with outputs quoted on their plates 
which do not at all conform to our ideas of performance, then some- 
thing might be done. I see no other way, at any rate in Great Britain, 
as long as we have an open market here, for as the buyer in an 
enormous number of cases goes nearly wholly by the selling price of 
the machine and disregards the capital value of efficiency (and of tem- 
perature ratings also in many cases), foreign manufacturers, not being 
included in any agreement which might be made by our people, would 
always be able to exploit these failings. We are not likely to have any 
standards that we devise insisted on by Government laws as to guaran- 
tees on output plates. 

Considering the other advantages of standards, if a full code of 
standards of performance, output, and speeds were adopted at once, 
the advantage would be much less than is generally supposed. During 
the past two years orders have been plentiful, and yet there is hardly a 
firm making a fair profit after establishment, selling, and manufacture 
costs have been paid. Cheapening of the cost of manufacture with the 
present absence of working agreements as to prices would only lead to 
such a reduction of selling prices as to reduce profits to the old level. 
There is also always the possibility of foreign competition. Further, 
when we consider how savings are to be brought about by the stan- 
dards, we should, I feel sure, find they can only be very small. To 
start with, there is not enough volume of work in this country to 
enable what I term real manufacturing to be carried out. When we 
talk about manufacturing in the electrical industry, we ought to go and 
compare the way work is done in a dynamo factory with the way in 
which it is done in a cycle factory. The present system in some ways 
is ridiculously uneconomical. There are a certain number of, say, 
5-H.P. motors required per week by the whole country. The orders 
for these are spread over some two or three dozen firms, and the result 
is that at the present time not one single firm in the country is manu- 
facturing. It 15 not really manufacture. The result 15 that the savings 
are quite small. 

If we take Dr. Pohl’s Tables III. and IV. for machines with specific 
outputs o'3 to 4372, there are twelve sizes of machine. This is more 
than the average firm lists to-day, so that, as far as the number of frame 
sizes are concerned, there is no great advantage to be derived there. 
Further, these are the machines which are ordered in the greatest 
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number and which therefore present the greatest facilities for manu- Mr. Robson. 
facture as opposed to making. The parts of these machines which 
lend themselves best to manufacture are the purely mechanical parts, 
and with systematic design they are practically unaffected by the 
output and speed ratings. It is the specific output or torque rating 
which fixes their sizes. Armature hubs, winding drums, commutator 
hubs and clamp-rings, brushgear, shafts, bearings, magnets, end 
frames, covers, etc., are practically unaffected. The parts which are 
affected are the armature windings, and the labour cost on these is 
small. Complete armatures could be more safely stocked, but few 
firms would feel justified in carrying a much heavier maximum or 
minimum stock than they do at present. It can even now not be 
reckoned very safe to carry much in the way of stock armature wind- 
ings because of their deterioration when exposed to air. We must not 
overlook a fundamental point in connection with electric motors. In 
very many cases—in fact, I should say the majority of cases—the motor 
is of very small cost in comparison with the machine or machines it 
drives, and one of our claims is that we can make it suitable for driving 
any machine. There is little hope of a man designing a machine 
costing £1,000 choosing his design to suit a particular recommended 
motor speed if the motor cost is, say, £50, unless he knows definitely 
that he can have no other speed given him. If it can be arranged 
definitely that there is only one set of speeds he can have, then of 
course he designs the machine to take those, but if he knows there is 
open competition among the manufacturers he will have the speed he 
thinks fit. When we know that makers of electrical machines cannot 
agree to limit cutting of prices, there is no hope that they will agree to 
what is to them a minor point, the limitation of speeds. "There is also 
an clement of time delivery in connection with motors. If the machine 
for which the motor is required is a very large one, there is ample time 
to build a complete new motor absolutely non-standard from beginning 
to end before the people are ready for it to be fitted to their machine. 
So there is not such a great advantage in manufacturing completely 
finished machines except on the quite small sizes. What is inherently 
at fault is that we have too many firms making one and the same size 
of machine. An agreement amongst them to pool the total orders, 
dividing them out in classes so as to give big enough orders for the size 
of machine parts to one firm to allow manufacture, would result in great 
savings in production cost and the limitation of establishment charges, 
advertising, and the like. The selling price could be lowered, designs 
improved, and at the same time fair profits realised. These profits 
would allow of development work and the employment of higher paid 
and better technical men. I believe that this unlimited competition 
amongst certain manufacturers so far from being good for the young 
electrical engineers is decidedly bad. Firms which are not making 
profits cannot be expected to spend money in development work—they 
cannot afford it. With the present bad paying condition of the elec- 
trical industry in this country, there is little hope or prospect of a big 
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English company finding money to buy up the existing firms. There 
is no prospect of such a company freezing out the smaller firms, as the 
latter’s local and other friendly connections would keep them going, 
and it will be a very difficult matter to bring all the firms together to 
a working agreement among themselves, as there are so many. But I 
do not think it should be a hard matter for, say, a dozen firms to join 
themselves together and to come to an arrangement to pool their orders 
in a certain ratio dependent upon their capitals and so on, and to 
divide the work out in classes. 

Considering certain details of the paper on the machines where 
manufacture and standardisation is most required, I do not think that 
the practice of specifying methods as well as the results to be secured 
obtains nearly so much now, and certainly the Government depart- 
ments are the greatest offenders. With regard to ratings, I agree with 
Dr. Pohl that machines good for six hours on full load are practically 
always good for continuous operation. But I see from that no reason 
why the six hours should be left out of the standard specification. It 
might, however, be stated that the passing of this and the other pre- 
scribed tests shows the capability of the machine to work from week- 
end to week-end. With regard to intermittent ratings, we shall always 
have trouble. Here we are faced with the desirability of the buyer or 
his RAE knowing the load factor on which his machine operates. 
If he knows this, he could also draw up a load curve, and then it is 
easily possible to test the machine to the load curve for a length of time 
depending on the size of the machine, so that it can work continuously 
on that rating. The present time ratings have been evolved from 
guesses as to the load curve. It is hardly possible for us to prepare 
standard load factors except for such drives as ordinary cranes and 
ordinary machine tools and the like. As regards classification, I feel 
that electric motors will eventually be prohibited in such places in 
mines where there is the slightest danger of explosion or the like being 
caused by any failure in the electrical supply, and I think we should 
face the tendency of legislation to eliminate chances of loss of life 
through this apparatus. Flame-proof motors would be better left out 
of a standard specification. With regard to the wearing depth of com- 
mutators, the present standard recommendations are simply unneces- 
sarily generous. It would be better to have a standard for minimum 
safe-wearing depths as averaged from present-day practice, as then 
manufacturers could make talking points about extra depths on their 
machines if they liked to provide such. Dr. Pohl has given figures for 
wearing depths in a commutator which are quite on the generous side. 
My own practice was, on commutators up to 6 in. diameter, to allow 
$ in. wearing depth; from 6 in. to 10 in. I only allowed 4 in. ; from 
IO in. to 18 іп. $ in. ; from 18 in. to 24 in. 3 in. ; and above 24 in., 
rin. Some of these commutators I have been referring to have been 
in use for twelve years and have not been replaced by new ones. As 
the rate of depreciation which would have to be allowed on electrical 
machinery is 10 per cent., I think those depths are quite sufficient. 
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Communicaled : While agreeing with the proposal to have the stan- Mr. Robson. 
dard overload capacity for open-type machines fixed at 25 per cent. for 
1 hour, without sparking, and roo per cent. without injurious spark- 
ing, I think that 100 per cent. momentary overload is advisable for 
motors for intermittent working, owing to the load-time curve that they 
have to work on seldom being accurately known, and to save reproach 
from breakdowns. A list of minimum efficiencies and power factors is 
highly desirable, especially seeing the natucal tendency to increase out- 
puts by forced ventilation and interpoles, etc., at the expense of effi- 
ciency. It should be compulsory to state, at any rate, full-load efficiency 
on output plates and in tenders. With regard to the determination of 
efhciency by the *loss" method, it wculd introduce too great com- 
plications to have to make allowances for the different contact losses 
of various types of brushes. It would be better to insist that the 
armature resistance measurements are to be taken for different 
currents up to full-load value, and to include the brushes in the circuit. 
Armature plus brush resistance can then be shown in a curve against 
varying armature currents. There will be some difficulty in fixing the 
allowances to be made to cover variations with load of the iron loss as 
the allowances should be different for weak and strong field machines 
and for machines with small or large armature reaction. With respect 
to proposed standards for insulation, troubles would certainly arise in 
attempting to enforce impregnation of all materials, such as cotton and 
paper, before winding, and to standardise impregnation after winding 
will be useless without strict definition of “impregnation.” Even with 
vacuum ovens and pressure impregnation, and with untaped field 
coils, it is very doubtful if the varnish reaches the innermost layers 
of the winding, whilst with the quite usual practice of impregnating 
after fullv taping the coil the varnish generally enters only a short way. 
The deeper the coil then, the less effective is the impregnation. 

Considering proposals for specifying higher air temperature, it would 
be advisable to insert requirements as to the minimum softening tem- 
perature for the materials used for insulating bushes and the like for 
terminals, brush spindles, etc., as troubles have arisen with these parts 
in hot and moist situations. For determining the temperature rise 
of field coils there is, of course, no doubt that the present nearly 
universal system of measuring the rise by a thermometer on the 
surface of the coil is no real safeguard, and no valid reasons have 
been adduced why the Standards Committee recommendations should 
not be upheld. The resistance method is really much simpler than the 
thermometer method ; it is certain in giving 'the mean temperature, 
and allowances as to permissible mean temperature could easily be 
formulated to take account of the different ratios of maximum to 
mean temperatures in different thicknesses of coil. There must always 
be grave doubts with ordinary thermometer tests as to whether the 
thermometer was actually on the hottest part of the coil surface. 
Further, the common practice of taping the coils all over, while 
quite unnecessary as a protection, except perhaps in the case of, 
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say, traction motors, is quite unfair to the buyer, for it masks the real 
surface temperature of the coil and minimises the advantages of im- 
pregnation. Dr. Pohl's suggested thermometer method is certainly 
much better than the ordinary method, and a similar device has been 
used for some time on experimental coils at the City and Guilds 
(Engineering) College. It has, however, two disadvantages : on actual 
machines specially shaped thermometers are required, and there is still 
the doubt as to whether the bulb is at the correct depth to show the 
maximum temperature. | 

The objection raised by the author аз to resistance measurements 
necessitating the presence of the buyer's engineer both at begin- 
ning and end of test, obviously applies to any method whatever, for 
otherwise he has no certainty, except the maker's word, that the 
load or field current has been on the machine from the beginning. 
As regards temperature rise in distributed windings generally, there is, 
as a rule, no difficulty in applying a resistance method, and a testing 
set can easily be devised which would show either the resistance or the 
average temperature rise of the windings more quickly and with much 
greater accuracy and safety than any thermometer method. Consider- 
ing the proposals as regards duration of tests, it is surely wrong to 
determine these solely from temperature rise considerations, for a 
I-hour or even a 2-hour run is not sufficient to show the mechanical 
soundness and the electrical goodness of all the machine parts. Notably 
is this the case with brushgear and insulation. Whatever times 
are finally decided on, the machine output plates should give the 
output guarantee and the test time. I agree that there is no real 
need now for fixing 115 volts and то volts as standards for machines. 
The demand for machines for these voltages is very small, and the 
engineers for a 3-wire system with 200 volts across outers would 
certainly object to motors of appreciable size being connected across 
the inner wires. Probably 500 volts is a better standard for motor 
voltage than 550, as corresponding more to the usual cases of supply 
voltage. We must consider ourselves as being far from standardisation 
of frequency for some time yet, for if railway main-line electrification 
were brought about on an alternating-current system, and advantage 
taken of their long mains to develop power schemes, we might find 
need for frequencies even lower than 25. 

The present standards recommendations as regards outputs and 
speeds are quite useless, and they bear no relation whatever to the real 
demands for machines made on the makers. The frame sizes should 
be based on suitable torque or specific output steps and not on horse- 
power steps. A fair idea of what has proved necessary in the past may 
be obtained from a study of the frame sizes and outputs as found in the 
lists of the leading makers of electrical machines. Having analysed a 
great number of these lists, I find that considerable differences occur in 
makers' ideas as to the number of frame sizes necessary between any 
limits of torque rating, but by plotting torque against successive frame 
sizes and starting at about 3 H.P. a mean curve is easily found. Itappears 
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that from (Н.Р. x 1,000)/R.P.M. = 2:5 to (Н.Р. х 1,000)/R.P.M. = 50, Mr Robson. 
steps of бо per cent. in torque rating would meet requirements, while 
for the quite small motors steps of 100 per cent. would be sufficient. 
This method gives a less number of frame sizes than the author recom- 
mends, and is therefore more acceptable from a manufacturing stand- 
point. If tables of what are to be considered small, medium, and large 
motors are to be drawn up, I consider that the basis of the tables should 
depend upon the nature of the mechanical design and machine opera- 
tions necessary. It would be better to have motors up to 2:5 specific 
output in one class, those from 4 to 50 in another class, whilst motors 
above that size might be in a third class. The manufacturing methods 
for a 5- H.P. motor are more akin to those on a 20-H.P. motor than they 
are to those for a 4- H.P. motor. The question of dynamo ratings may be 
decided by consideration of the outputs of the same frame sizes and 
windings used on motors, but the number of dynamos being so small 
in comparison with the motors makes careful consideration not so im- 
portant. As regards specifications for standard speeds, these must be 
obtaned by considering how few armature windings are advisable 
for each frame size, and the speed for these at the standard volt- 
ages, always bearing in mind the possibilities of altered horse- 
power and speed by change of the coil connections to the commutator. 
It would appear advisable to have a range of higher standard speeds, for 
machines up to 50 specific output, than thosc given in the paper. There 
are a fair number of these machines required, and if the standard 
machines are safe for these higher speeds, additional safeguards as 
to reliability are furnished at the lower speeds. 

Mr. ROBERT HAMMOND : I feel it is due to the Committee which Mr. 
settled the standards to say a few words in defence of what they Hammond. 

did. In the first place, they had before them two objects. One was, 
` While bearing efficiency thoroughly in view, to cheapen the cost to 
the buyer. Their first step was carefully to consider what were the 
various sizes of generators and transformers in more general demand, 
and at the same time what were the sizes which the bulk of the 
manufacturers were prepared to make. From those sizes they 
selected their list. I desire to say how heartily I appreciate this 
Paper. It is by criticism such as this that the Standards Committee 
come into touch with those who have studied the subject for them- 
selves, and 1 am sure that had the author been able to help us in 
the prehistoric days of 1902-3-4, we should have been very delighted 
to have had his help. The Committee, which will shortly make a 
fresh start, fully agree with the author that it must from time to 
time revise its work, and will, I am sure, at its first meeting very 
thoroughly go through this paper and talk it over with high apprecia- 
tion. But I would be very sorry indeed if any one left this meeting 
thinking that the work of the Committee was arrived at in a 
haphazard manner. I draw your attention to the constitution of 
the Committee. There were representatives of those who had the 
testing of machines for the Admiralty ; there were those who repre- 
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sented the purchase and testing of machines for the War Office ; 
there were those who represented the Crown Agents for the colonies. 
Then there was Dr. Glazebrook, who represented the National 
Physical Laboratory. And in that connection I would point out 
that those important tests which the author has described to us were 
all done, I will not say at the direction, but at the instigation of, this 
very Committee. This Committee felt that the haphazard method of 
dealing with temperature rises, which had been in practice for so many 
years, was unsound, and they invited the National Physical Laboratory 
kindly to assist them in considering what were the temperatures that 
dielectrics generally would stand. Therefore all this good stuff set out 
in the author’s paper belongs to us. Then there was also on the Com- 
mittee Mr. Antill, of Siemens Bros. ; there was Mr. Essen, with a manu- 
facturing experience of over twenty years; also Mr. Philip Dawson, 
Captain Sankey, Mr. Eborall, Mr. Robert Hammond, Mr. Highfield, 
Mr. Patchell, and Mr.Sparks. Now all these gentlemen who had been 
for years purchasing and testing machines, and others who were manu- 
facturing machines, hoped by round table conferences with leading 
manufacturers, which lasted for some years, to evolve a set of rules which 
would be acceptable to the industry. They had in mind two objects— 
one, as I say, to choose those sizes, which might not have been the 
most scientific—the author has got out a list of his own in which in the 
most wonderful manner the ratios are identically the same all through 
the uprising scale—but those sizes of which the manufacturers had the 
patterns in their shops, the making of machines from which would 
not involve any extra capital expenditure. They also had in view 
that it was not sufficient only to choose sizes that were suitable, but 
such conditions of test had to be laid down that the consulting 
engineer—always ready to do his best for his clients and always ready 
to show that thorough tests had to be made—should be somewhat 
held in check. They therefore said, “Let us lay down such simple 
tests that even the most covetous of consulting engineers cannot make 
such an undertaking about the testing as will take an undue sum of 
money out of the purchasers pocket." They thereupon decided, 
“If this machine will stand this test for six hours within this tem- 
perature rise, and at this rated load we consider the buyer should be 
satisfied.” But what the author recommends in this paper—I welcome 
him as a friend to the consulting engineer for it—is that when I go 
down to test one of these machines bought under his proposed speci- 
fication I shall have to take three weeks luggage, all my staff, and 
perhaps my wife and family, because I have to challenge the manu- 
facturer to prove to me, the consulting engineer, that! with suitable 
attention—and I am quarrelling all the time as to what is “ suitable 
attention "—the machine will work continuously, not for six hours. 
which would send me back by the next train with a few paltry 
guineas in my pocket, but from week-end to weck-end! Now the 
specification adopted by the Engineering Standards Committee pro- 
vides a test which we all know in our hearts is a test which when 


1911.] FOR ELECTRICAL MACHINERY : DISCUSSION. 209 


once supplied will secure us a good machine. If a machine will run M 


for six hours within these temperature rises, then we know we can 
give a certificate that it is a well-built machine. I am certain that if 
the author had been on the Committee which arrived at that con- 
clusion he would have felt with us that talking of this week-end to 
week-end business was giving a chance to some one to pile up big 
expenses before the machine was taken over. 

Before I sit down I wish to point out to the author a little slip he 
has made. He said that he gathered that under the Standard Specifi- 
cation a generator had to be built in order to work in an atmosphere 
of 25? C., and he implied that if such a machine was ordered for the 
King's Durbar it could not work because it would probably be run in 
an atmosphere of 35? C. I would point out that there is nothing what- 
ever in those prescribed tests which justifies him in saying that the 
Committee specified the machine should be such as to work in an 
atmosphere of 25? C. [Dr. PoHL: I have not said so.] Mr. HAMMOND: 
Dr. Pohl says he has not said so. He quarrels with 25° C. and says he 
thinks it ought to be 35°. We prescribe in this specification a certain 
rise of temperature ; we prescribe 60? C., but we say that 60? C. rise in 
temperature is a rise upon the surrounding atmosphere of 25? C.— 
total 85° C. If I have occasion in the author's own native city of Leeds 
to test machines with an atmosphere of 374° C., then instead of per- 
mitting a rise of 60° C. I must take off the 124, and still get a final 
temperature of 85° C. as on the basis of an initial temperature of 25? C. 
That is all we say. We say that these rises of temperature are based 
upon the supposition that 25? C. is the atmosphere of the room, but if 
the air temperature of the room in which the machine is to be used 
in actual service exceeds 25? C., then each of the temperature riscs 
specified in Clause 12 is to be decreased by 1°C. for each degree of 
increase between the room-temperature and the 25? C. 

I would have liked to have had from the author one acknowledgment 
of the bright thing in that specification. For the first time the Committee 
swept away the absurd idea of specifying overload. It has always 
appeared to be an absurdity first to specify a machine of, say, 1,000-k.w. 
capacity which can work at a certain temperature rise, and then in the 
last clause of the specification to stipulate that it can occasionally do 
25 per cent. more. When we were face to face with that proposition 
on the Committee we said, “ No, let us say to the profession that this 
is an absurdity and let us use the expression “rated load "—that is, the 
actual load at which it will bear this temperature rise, but as for your 
20 per cent. for half an hour or three hours, or ten hours, it is too 
foolish. Therefore one of the things we tried very hard to do, and 
which we have succeeded in doing, was to abolish all reference to 
overload, but the author comes here to-night and blames us for 
omitting to specify it. 

Dr. SiLvaNus P. THOMPSON: Allow me first of all to express my 
entire disagreement from one recommendation of the author's. He 
advocates the elimination of machines working at тоо or 115 volts as 
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standard machines. Now I have been a persistent advocate for the 
utility and advantage—at any rate, from the point of view of the con- 
sumer—of having that low voltage of тоо ог 110 volts in one's house. 
Surely the present experience with metallic filament lamps at their 
present cost warrants me in saying that it has been a misfortune from 
the point of view of the consumer that every electrical engineer has 
taken to the fashion of distribution at 250, 440, and 550 volts. We 
ought to keep 100 or 110 volts as a standard voltage. A fortnight ago 
I had something to say about the use of the word “regulation.” It 
turns up again on page 182: “ The present rules provide that the regula- 
tion of alternators shall not exceed 6 per cent.” What the author 
means is that the departure from perfect regulation shall not be more 
than 6 per cent. ; that is to say, the irregulation will not be more than 
б per cent. There is one matter which I wish to put before the Institu- 
tion. There is some danger—it occurs again and again in this subject 
of temperature rise—of confounding temperature rise with the actual 
temperature reading because of the way it is printed. You speak, for 
instance, of a temperature rise of 40? C., and of a room-temperature 
of 35° C., using the same degree symbol—the little circle—whether 
degrees as read оп the thermomcter are meant or the additional degrees 
of rise. For many years I have adopted a practice with which I am 
not satisfied, and I want somebody to suggest a better one. Always 
when I write 40? C., that means the temperature of 40 as read on the 
thermometer, and not the rise, or the difference, or anything else. If 
I want to speak of a 40? rise of temperature. I write it “до Centig. 
deg.,” and do not use the little round symbol. It may come to very 
much the same thing, but that little difference in the way of writing is 
sufficient to make it clear to me. But it is not a difference that is at 
once clear to everybody else. Perhaps some other person has over- 
come the difficulty in a better way, and if so I shall be glad to hear if 
that isso. Lastly, I want to point out that it is not at all necessary to 
have a six-hour run, or any other long run, in order to find out what 
will be the top temperature attained by a machine under conditions of 
regular operation. Here is a very simple process. In observing a 
heat-run we know that the temperature at first rises steeply, perfectly 
regularly, minute after minute, the plotted curve going up a sloping 
line. Then after some time it turns over, and the rise per minute 
becomes less and less until, when the temperature has got up to near 
the top value, it practically rises very little more. Now from these 
facts we can, ina run that lasts less than an hour, get at what the top 
value will be. Make a few observations very carefully at the begin- 
ning ; find the temperature rise per minute ; then go on for some time, 
and take some more readings, and observe when the temperature rise 
has got to such a point that it is going up half as fast as it was at first, 
that is, the point when the amount of rise per minute is exactly reduced 
to half what it was at first. Then we have got half-way up to the top. 
We сап see how much it has risen—suppose it has risen 14. We 
double that, making 28, and that will be the top value of the rise. 
It is quite a simple thing and quite accurate. 
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Mr. HERBERT A. JONES: As his friend, the author will possibly 
allow me to differ with him on one or two points. When we were 
before the Standards Committee in 1903 we had full opportunity, as 
the manufacturers of electrical machines in this country, of having the 
question fully put before us ; and when the author just referred in such 
scathing terms to the Committee, I do not think he was aware that most 
of the supporters of that Committee were to the right and left of him. 
The standard list was arrived at in this way. We were called to two 
meetings, and we were asked to suggest speeds ; and, with that beauti- 
ful selfishness which characterises the British manufacturer, we all 
suggested our own particular speed. I believe the Committee went 
into the next room, tumbled all the suggestions in a hat, got out the 
average, and gave us that as the standard! But that was a start at 
standardisation, from which, I maintain, most manufacturers have 
benefited. The author raises the question of Continental competition. 
To my mind, if there is anything in Continental competition, and if the 
benefits of standardisation are what Dr. Pohl contends they are going 
to be to us, we should feel the effects of that competition in standard 
small machines. But we do not; where we do feel it is in big and 
specialised schemes involving larger machines. I maintain that with 
regard to motors from 5 H.P. to 100 H.P. the Germans have not the 
slightest chance against the present English prices. While I do not 
believe in being too conservative, I think we must not go too far in the 
matter of standardisation of design. If standardisation is carried out to 
the extreme to which it has been in America, it will affect all initiative 
and consequently stultify design. Take, for instance, the American 
standard for engine generators. They even specify shaft bearings, 
armature hubs, and commutator bushes. It is quite a different thing 
for a Committee to arrive at a certain limit of standardisation and not 
to go beyond that limit. If it does, then British manufacturers of 
electrical machinery will never keep the pre-eminent position they at 
present occupy. Incidentally, the author said that to go in for exces- 
sive commutator depths was a useless investment of capital. I think 
the contrary is the case. Any depth of commutator is a useful invest- 
ment of capital for the British public at present prices! With regard 
to sparklessness, I think it is dangerous to have a machine defined as 
having "practically no sparking." We thought we had done away 
with sparking years ago, but "practically no sparking" depends 
entirely on the gullibility of the buyer and the plausibility of the seller, 
and it has involved many firms in more serious losses than they care to 
admit. I think also the term * momentarily" should be defined. It 
seems a very long time if one happens to be standing alongside a 
machine which has to go through that momentary overload. It cer- 
tainly should be defined in seconds or decimals. Although I do not 
wish to intrude on the ground of the designer, I believe if we go to the 
high temperature rises of 120? C. or 125? C. we may meet with a dif- 
ficulty which has occurred in machines in the past. Until a machine 
gets to its final temperature it has to rise in speed owing to the coefficient 
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of the increase of resistance of copper. If we go to a higher internal 
degree of temperature in that machine, we are going to have a steeper 
curve of speed variation from the cold till the machine is hot. If there 
is one advantage which we have successfully claimed for electrical 
driving it is that the variation of speed over a day's run is so small, and 
this in direct-current motors is due to the small temperature-rise in the 
field coils. 

I agree with the author in his attempt to revive the temperature 
test of field coils by a resistance method. If it was possible to carry 
out the armature measurement in the same manner I should advise that 
being done, because there is no more uncertain and variable quantity 
than the thermometer in the hands of some testers. I agree with a 
previous speaker that standardisation is proving more valuable now. 
We do not have the absurd enquiries we used to have, which specified 
that “the armature should be made of so-and-so, and insulated with 
paper between the discs, and so on." If we only bring ourselves into 
line on some general heads of standards the electrical industry of this 
country would never look back. There аге one or two points arising 
out of that with regard to the value of a guarantee. I want to point 
out that if you are selling ten machines you will sell one to a con- 
sulting engineer who is particular and wants a “ week-end party," such 
as Mr. Hammond has mentioned, but you will sell the other nine to 
men who want a good and robust machine which will stand by them 
and not lei them down, consistent with price. It all comes down 
to price at the finish, but there are exceptions. I know a case where a 
certain contract was lost simply because the firm quoting for it could 
not guarantce an efficiency of a certain figure. Another firm guaranteed 
that efficiency, which was an impossible one. I said to the gentleman 
who had the matter in hand, ** We can guarantec you so-and-so under 
a penalty of so much and a bonus of so much." I did not see anything 
of him again until a weck afterwards, when he told me our offer was 
refused. He told me who had obtained the contract, and I enquired if 
he had obtained the required efficiency. He replied in the affirmative, 
adding that not only had they obtained it, but that it was 14 per cent. 
more than I had guaranteed. I then asked what guarantee he had that 
the required efficiency would be obtained. Hereplied he had arranged 
that he need not take the machines if they did not come up to the 
guarantee. Gentlemen, there are men buying electrical machinery 
who know little of specifications, but they know even less of the pro- 
visions of the Sale of Goods Act. That shows that in the majority oí 
orders which electrical manufacturers get the goods are not sold on 
strict conditions of a guarantee, but that many people buy machines 
simply on the reputation of a firm. 

Mr. W. E. BURNAND: I think it will be generally agreed that there 
is room for improvement in the present standards, but we shall have to 
go slow, and standardise tests rather than machines. I should like 
to take up the line of Dr. Pohl and make a few suggestions on some 
oi the tests he specifies. The term “ week-end to week-end” applied 
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to the requirements for continuous working is largely superfluous, and 
is not a very good way of putting it. A better way would be, * The 
machine shall be able to work continuously with ordinary cleaning or 
attention not oftener than once a week, and to comply with the specified 
tests.” With regard to “no sparking,” a suggestion I would like to 
make is that the sparking should not be specified, but its results. It 
might be put, * The ratio between the roughened and polished portions 
of the copper commutator surface passing under the brushes must not 
exceed a certain limit after six hours' full load." It might be put at 
5 per cent, or 0'5 per cent., or whatever value may be decided as a 
reasonable maximum limit. These two suggestions imply no lengthen- 
ing of thc test, unless the performance in the other specified tests is not 
decisive on these points. The temperature rises stated in the paper 
look high, but taken broadly I am in agreement with them. With 
regard to the standardisation of speeds something might be done, but I 
am afraid not much. I would prefer to see the last 5 revolutions 
omitted from some of the speeds in the tables. Table X., relating to 
alternating-current machines, does nothing more, of course, than specify 
the number of poles, but what the user actually works on is the actual 
speed, and I think that these speeds might be of more service than 
speeds which are merely another way of specifying the number of poles 
for which the machines are wound. The comparison between 40- and 
50-cycle alternating motors is not quite fair to the 40-period machine. 
On 40 periods the hysteresis losses are somewhat less, and also the 
magnetising current is less, for a given flux, so this may be somewhat 
higher for a given loss or temperature rise ; the reduction in output is 
hence rather more like 15 per cent. than 25. 

Mr. F. T. CHAPMAN (communicated) : With regard to the author's 
suggestion for the testing of machines under Rating (A), although I 
agree with his arguments under * Duration of Temperature Tests," I 
consider the case of rotating machinery to be essentially different from 
that of static machinery like transformers. The object of the official 
test is not solely to determine the rise in temperature, but also to prove 
the mechanical qualities of the machine. If the test is stopped short 
before the maximum temperature is reached, the most trying part of 
the test is eliminated. This applies particularly to commutator, brush- 
gear, and other parts in which built-up insulation may be employed, as 
well as to bearings, etc. For this reason I think the six-hour test should 
be retained as hitherto. I agree with Mr. Jones that the phrase 
“ practically no sparking” is unsatisfactory. The framing of this clause 
is likely to be a difficult matter. It might be possible to specify that 
the voltage drop across any brush contact should be of uniform sign 
over the whole contact area, and should not exceed a certain figure at 
any point. Some prohibition of “ blackening” should also be included. 
The internal thermometer device proposed for field coils is ingenious, 
but few modern designs of field frame admit its application, except 
in large sizes. As Mr. Jones pointed out, the increase in speed with 
rise in temperature is a very important matter in shunt motors, and 
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this fact is likely to set the limit to the temperature rise, rather than the 
effects on the insulation. For instance, the 60° C. rise suggested by 
the author means approximately 24 per cent. increase in resistance and 
б to то per cent. or more increase in speed. Іп a standard specification 
a clause limiting this variation is desirable. Although the temperature 
rise of commutators is not touched on in the paper, I think an extension 
of the present limit to 60? C. would be permissible. 

Mr. W. R. CooPER (communicated) : As the author deals with the 
question of temperature tests, and Dr. S. P. Thompson has pointed out 
that such tests may be considerably curtailed, it may be well to look 
into the question more closely, particularly as there seems to be a 
general want of clearness on the subject of heating curves. So far as 
I am aware, the results here given have not been pointed out previously. 
If the curve of heating is plotted, as in Fig. A, a logarithmic curve 
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should theoretically be obtained. The curve is such that if Y is the 
steady temperature attained,O being atmospheric temperature, andO A 
is the initial rate at which the temperature of the machine rises, then 
Y A or OX is a time which, from analogy with the rise of current in an 
inductive circuit, may be called the “heating time constant” of the 
machine, and this time is such that at its expiration the temperature 
reached is 0°63 of the maximum—that is, Q X =0°63 AX. I think it is 
rather unfortunate that the author has christened another quantity a 
time constant, whereas the time О X, by analogy and previous usage, 
merits this class of title. The line OA is the tangent to the heating 
curve O QZ at the origin, and thereforc the angle X O A isfound readily 
by observing the rate at which the body rises in temperature initially. 

It would be an advantage if the ultimate rise of a machine could be 
predicted without the necessity of running a prolonged test. There 
does not seem to be any easy method of doing so for rotating bodies, 
such as armatures and commutators, as continuous records of tempera- 
ture cannot easily be obtained in such cases, and therefore the angle 
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AOX is not available. Fortunately, however, the temperature of the 
field magnets, or stationary part of the machine, is generally that 
which limits the output, and therefore a short temperature test may be 
useful even if restricted in this way. It is obvious that if the heating 
time constant, which depends only on the volume and materials of the 
machine, could be found easily, the maximum temperature rise would 
follow. Unfortunately this quantity is not easily found directly. But 
the desired result can be obtained in another way. The heating curve 
is found mathematically by assuming that the machine radiates at a 
rate proportional to the temperature rise. Also, when the maximum 
temperature rise is reached the machine is of necessity radiating (using 
this term in a broad sense) at the same rate as it is tending to heat up 
due to the energy being supplied ; that is, at the rate given by tangent 
of the angle AO X. In other words, if the machine is raised to the 
temperature Y, and then allowed to cool, a curve such as Y B will be 
obtained, and the angle which the tangent to this curve at Y makes 
with Y A must be equal to the angle AO X ; whence it follows that the 
rate of cooling is found by joining X, Y, if these are known. It 15 not 
necessary, however, to take the machine up to the maximum tempera- 
ture Y, Suppose it is taken up to the temperature C. Then since 
the rate of cooling is proportional to the rise of temperature it follows 
that the rate of cooling for this temperature is found by joining C to X. 
A possible method, therefore, at least theoretically, is to run the 
machine for a short time, say half an hour, so as to get the initial rate 
of rise of temperature, that is, tan A O X, and therefore the angle A O X. 
Then load up the machine as far as possible, if time is a consideration, 
until any convenient temperature rise C, say 30? C., is reached, 
remove the load and excitation but keep the machine running, and 
observe the cooling curve CD. This is plotted, the tangent at C is 
drawn, and the point X where this intersects the axis O W gives the 
heating time constant. Erecting the ordinate through X gives the 
maximum temperature rise by the point of intersection A with O E. 
As to whether this process would give a correct result is, perhaps, 
doubtful on account of the distribution of heat. The same information, 
however, can be obtained from the heating curve itself without having 
recourse to a cooling curve. It is only necessary to remember that the 
rate of heating at any temperature given by any point P on the curve 
is equal to the initial rate of heating less the rate of cooling. "Thus the 
rate of cooling at any temperature P is found by subtracting the rate 
of cooling at this point of the curve from the initial rate of heating. 
The rate of heating at any point of the curve is, of course, easily found 
graphically. Since the rate of cooling is proportional to the temperature 
rise, the temperature at which the rate of cooling will be equal to the 
initial rate of temperature rise (i.e, the maximum temperature rise) is 
found at once arithmetically. This process sounds a little complicated 
but is quite simple, as an example will show. Suppose the initial rise 
is at the rate of 40? per hour, and that at 30? rise the rate has fallen to 
25° рег hour. Then the rate of cooling at the temperature of 30° is 
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ДО — 25 = 15° per hour; and this rate of cooling will rise to 40? per 
hour if the temperature is raised to (40/15) x 30 = 80°, which, there- 
fore, is the maximum temperature-rise. The method mentioned by 
Dr. Thompson of running a machine until the rate of temperature rise 
falls to one-half the initial rate, the maximum rise being then double 
the rise at which this occurs, is a particular case of the above. Any 
temperature can be taken, but in order to have the least error it will 
probably be best to-select temperatures somewhat above that corre- 
sponding to half the maximum rise—in fact, at a time equal to about 
three-quarters of the heating time constant from the start. In any 
case two or three temperatures should be taken to see that the results 
are consistent. It may be that the maximum rise is all that is desired, 
but the heating time constant is a useful quantity, and is found at once 
by drawing the line СХ from the point С (the temperature taken) at an 
angle a such that the rate of temperature fall is that found at P. 
The intersection of C X with O W gives the desired quantity, and this is 
useful because the temperature rises to 98 per cent. of the maximum 
in a time equal to four times the heating time constant. In practice, 
heating curves are not quite logarithmic, but they are nearly so, and I 
think this method can be used with a fair degree of accuracy. Asan 
example of the sort of results obtained the following values are calcu- 
lated from Fig. то of Dr. R. Goldschmidt's paper on “Temperature 
Curves and the Rating of Electrical Machinery," * the corrected curve 
marked B in that paper being taken. 


RESULTS FOR 75-K.W. GENERATOR. 


Rate of Heat- | Deduced Rate Calculated 
ing per Hour. of Cooling. Maximum Rise. 


Approximate Temperature 
Time from Start. Rise Selected. 


——À c „2 —————— —— 


о о qe 424° C. о -- 
55 minutes 30°C 18°C 241? С. 52° 
1} hour 35°C 2 124° C. 3o? C. 491? 
Ho, 40° C. 334% 5r 
24 |, 45°C. Га 43° С. 38° С. 504° | 
Mean 51° | 


The mean result of taking four points on the curve is 51°, and the 
actual maximum given by Goldschmidt is 52°, which is in fair agree- 
ment considering that the figures are merely taken off the printed 


* Journal of the Institution of Electrical Engineers, vol. 34, p. 676, 1905. 
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diagram. Points at lower temperatures did not give such good results. 
The heating time constant of this machine is given as 75 minutes. 
‘From such curves as those in Fig. 2 of Dr. Pohl’s paper the maximum 
rise and the heating time constant can be deduced quite quickly. 
Having gained this information, it is a simple matter to construct an 
approximate diagram for intermittent working. Suppose we have the 
heating curve shown in Fig. B for a machine with a heating time- 
constant of 75 minutes, and a diagram is desired for the machine used 
intermittently, loaded for 5 minutes and unloaded for 5 minutes 
alternately. At the end of the first 5 minutes the temperature will 
rise to A. The machine will then cool at the rate given by joining 
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А {о X, and thus the diagram during the second 5 minutes 15 
parallel to AX. During the third 5 minutes it is parallel to the heat- 
ing curve at the corresponding temperature. At the end of 15 
minutes the temperature has risen to В, and then falls at the rate given 
by joining B to X,so that the part b 0’ is parallel to BX. Similarly, c c 
is parallel to C X, and so on. The various parts are here roughly drawn 
straight, but for longer intervals it might be necessary to make them 
curved, it being borne in mind that every part of a cooling curve is 
parallel to the line drawn to X from the corresponding temperature on 
theaxis. If only the maximum temperature rise is required it would 
not be necessary to go through all the graphical construction if it is 
borne in mind that for equilibrium the total heating must be equal to 
the total cooling over the respective intervals of load and no load. 
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Mr. W. Н. М. JAMES (communicated) : I should like to support the 
suggestion made in connection with the issue of copies of “ Standards ” 
to members of the Institution, which, if it can be carried out, might 
well be extended to other standards affecting electrical engineers. As 
regards the measurement of temperature rise, the suggestions made are 
of quite a revolutionary nature, and I can hardly realise that the resist- 
ance method is too difficult for the average engineer to carry out ; if this 
is the case, it isian argument in favour of the better education of engi- 
neers rather than against the use of the method in question. Further, 
the method suggested by the author would be difficult to carry out in 
many cases, particularly when dealing with enclosed or protected 
machines, though it might be facilitated by arranging the distance- 
piece at right angles to the position shown in the diagram (i.¢., pointing 
towards the centre of the core). I should also like to ask if any results 
have been obtained bearing on the relative temperature rises in the 
interior of coils in the upper and lower halves of field magnet systems. 
In connection with the number of suggested sizes of motors, I think 
these are too few as regards the smaller sizes of 3-phase induction 
motors, such as would be used for the individual driving of looms. А 
point not dealt with in the paper, and one which would well bear dis- 
cussion, is the standardisation of pressures, and more particularly 
frequencies, for motors used for single-phase traction. Judging from 
information contained in a recent paper by Mr. J. B. Sparks,* con- 
siderable diversity of practice exists on these points, particularly 
abroad, and it would probably be preferable to go into the matter 
thoroughly at once rather than wait until several pressures and fre- 
quencies have been largely installed. 

Mr. E. KILBURN Scorr (communicated) : In order to sell machines 
we must be able to compete in price as well as in quality, and in 
case of overseas business it also means that the orders must be syste- 
matically sought after. For many years our electrical manufacturers 
were so busy competing for municipal plants that the overseas business 
was somewhat overlooked. Later on, when manufacturers directed 
their attention overseas, they found that foreign firms had already 
secured a strong foothold. The amount of electrical apparatus sup- 
plied to Australia, New Zealand, and South Africa, etc., by foreign 
firms has been very large indeed, and they have secured it for two 
reasons : first, greater energy displayed in seeking the business ; and 
secondly, low prices for standard machines kept ready for delivery, 
The author has clearly shown that owing to lack of standardisation, 
and to having to make machinery to freak specifications, our manu- 
facturers are severely handicapped. 

Regarding rating, I would like to see the actual figures stamped on 
the metal of the machine itself, because the usual small brass name- 
plate lends itself so easily to abuse, especially for motors for abroad. 
For example, there is the practice of stamping the correct rating of 
the machine on the name-plate affixed to it, and then sending out a 

* journal of the Institution of Electrical Engineers, vol. 47, p. 816, 1911. 
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blank name-plate, so that the agent can stamp any output he likes 
upon it. It is well known that certain people in Australia do this 
kind of thing. For small machines the time specified for testing is 
frequently out of proportion to the importance of the apparatus. For 
example, motors of 5 and то Н.Р. are turned out by the hundred, and 
it may happen that twenty or thirty are wanted for one order. There 
is the choice between running all the machines for the full number 
of hours, or else picking out a given percentage, testing them fully, 
and assuming the rest are all right. When finding efficiencies, it is 
generally sufficient to find three points and then plot the rest of the 
curve. This method is generally accepted for efficiency, so why not 


accept the method for heating tests as well? Take the case of a^ 


number of direct-current dynamos. Thermometers could be placed 
on the field coils, and read off at intervals, and the temperatures 
plotted. If the heating curves are similar or below the curve obtained 
on a similar machine which has had the test prolonged to the full 
number of hours, then the machines may be considered to be satisfactorv. 
At the end of each run the temperature of the armature can be taken, 
and if it is lower than the field coils, then all is well. If higher, then 
that circumstance would require consideration. In this connection 
it may be remembered that cable specifications frequently have a 
clause that the cable shall be kept under water for twenty-four or 
forty-eight hours. This not only means waste of time, but it is not 
effective, because a flaw which is at the bottom of the drum, and 
therefore has the hydraulic head of, say, 6 ft. of water over it, may be 
discovered, whereas the cable at the top of the drum is only a few 
inches under water, and the pressure is much less. The result has 
been that a great deal of cable is now tested by being placed in a drum 
which is filled with water and then subjected to considerable pressure. 
À flaw can thus be found in a few minutes that would escape detection 
theother way. Although mercury thermometers are usually employed, 
they are dangerous, because if a bulb should break the mercury may run 
amongst the coils. They are especially objectionable for high-tension 
windings ; spirit thermometers are safer. An instrument for measur- 
ing temperature which has recently been introduced has a flexible 
tube of copper about the size of a No. 14 S.W.G. wire. The hole is 
filled with a liquid, and it communicates with a bulb of nickel contain- 
ing saturated vapour ; beyond which there is a pressure gauge. The 
fine copper tube is placed against the part to be examined, and being 
small and very flexible it can be placed in positions that are impossible 
for a thermometer. 

The author's suggestion that 35°C. should be assumed to be the 
normal atmospheric temperature is very much to the point, because 
about до per cent. of the area of the British Empire has an average 
temperature well over 35°C. It is just an example of how insular we 
are that in all official tests we have adopted a figure that only suits this 
island. In hot climates it frequently happens that the machinery is 
only protected by a corrugated iron building, and the temperature 
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Mr. Scott. inside may be almost as high as it is outside. When the work of 

revision is taken in hand, it would be well to have some members who 
have lived inthe Colonics and made a special study of the conditions 
there. It is interesting to note that the author refers to the coming of 
asbestos- and enamel-covered wires. About ten years ago I pointed out 
that enamel-covered wire would be the solution of many troubles, yet 
unmechanical cotton coverings still continue to be used. The right 
enamel does not appear to have been found as yet. It is said that the 
special lasting and elastic property of Japanese enamel is obtained by 
keeping it under sea-water for a long period. The matter might well 
receive attention by some electrical engineer in the East. 


DISCUSSION BEFORE THE YORKSHIRE LOCAL SECTION, 
DECEMBER 6, 1911. 


Мг. Mr. WALTER Еммотт: Some eighteen ог twenty years ago we 

көш tried to get some system of standardisation of machinery, and also 
hoped to get some standardisation of selling prices, but after about a 
dozen meetings we came to the conclusion we could not agree, and 
so we gave it up. Something should be done as early as possible. Our 
competitors in Belgium, France, and Germany have had a lower stan- 
dard of output and lower rating all the way through. If we have a 
British standard specification on the lines suggested the difficulty is 
gone. I find that the author’s speeds, outputs, and sizes of machines 
agree pretty well with those of manufacturers with whom I, as a 
consultant, have no hesitation in placing orders. The proper thing 
is, as mentioned by Dr. Pohl, to run the machines right through 
the week. I would like to mention that if we get a proper system 
of standardisation it will have the result of sweeping off the market 
the men who cannot make a reliable machine to any specification 
whatever. It would also have the effect of reducing the work con- 
siderably when the quotations come in. 

Mr. Wright Мг. Н. H. WRIGHT: An organisation already exists which could 
undertake this question of standardisation, viz., the British Electrical 
and Allied Manufacturers’ Association. I think it includes practically 
all the chief manufacturers of electrical machinery in this country, and 
they are the right people to do it. It is all very well for the Standardisa- 
tion Committee to lay down certain lines, but unless all the manu- 
facturers can be got to take it up it is worth nothing. In regard to the 
German specification as to the commutation of continuous-current 
machines, I agree with the author that it is too lenient. We have to 
design for good commutation on the most conservative lines. As 
regards the insulation referred to on page 183, I am glad to see that 
the author recommends a flash test of 1,500 volts as a maximum for 
line voltages not exceeding 500. I have noticed in many cases that 
2,000 is specified. The extra voltage between 1,500 and 2,000 is likely 
to do more harm than good. Although the machine may actually 
stand a flash test of 2,000 I think there is danger of perforating the 
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insulation. "Then, of course, if there is such a weak place it may break 
down in working a few months afterwards. I have seen recently some 
particulars of an examination of these breakdowns under the micro- 
scope, and they showed that the press-spahn or other material has been 
penetrated with minute pin-points, but the centre of thc compound 
insulation has generally withstood the test. I notice the author has 
not touched upon the question of standardisation of brushes. From 
the point of view of the station engincer, who may have a great many 
motors on hire, the question is of great importance. He may have a 
good many makes under his control, and if he had to keep twoor three 
different sizes instead of twenty or thirty it would be an advantage. We 
are indebted to the author for his suggestions inregard to the time test. 
I do not think there would be any great benefit in reducing the period 
of test for small machines, but it might be an economy with larger 
sizes. At the same time I do not think, for mechanical reasons, it 
would be advisable to run a machine much less than five or six hours. 
With regard to the proposed standard speeds for motors and generators, 
this, of course, affords no great difficulty to the manufacturer, it simply 
means that he has to standardise a certain number of armature notch- 
ings and commutator sections. With reference to the table of speeds 
on page 199 of the paper, I would like to mention that centrifugal pump 
makers very often ask for an abnormally high speed, and I suggest that 
higher speeds be added to the table to answer their requirements. 
Fan makers frequently require an exact speed, because the power 
demanded by a fan goes up as the cube of the speed, consequently 
the speed of the motor for a coupled fan and motor must be very near 
to the correct one. I should think, however, there is enough choice in 
the speeds given to satisfy the usual requirements of fan makers. 

Mr. LLEWELLYN FosTER: Following the headings as the author 
gives them, I quite agree with him that, now there are so many 
“intermittently” rated motors, it is essential there should be a sub- 
division of that particular class. The author does not specifically 
mention a “ coal-cutter " motor ; this is, of course, intermittently used, 
and, morcover, is subject to very severe strains; in my opinion it is 
quite wrongly rated at the present time. A few days аро I had occasion 
to make a test on a coal-cutter motor of standard make ; it was run 
for three hours at its full-rated load, and its temperature rise was as 
follows: Armature, 152° F.; magnet coils, 151° F.; and the com- 
mutator, 98^ F. As these figures were taken by a thermometer on the 
surface, it is certain that the inside of the windings was very hot 
indeed, probably very near the figure of 257° F., which the author 
mentions later on. The question of rating this class of machine is 
particularly important. I quite agree that the output of a motor for 
* jntermittent" working should be the output at which, with suitable 
attention, it can work from week-end to week-end intermittently with 
the specified load factor ; its suitability to be proved by the prescribed 
test. This load factor might, with advantage, be standardised as 
4, +, and 3. With regard to the marking of output plates a good 
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example is set us by the larger firms, for example the British 
Thomson-Houston Company, and others who are careful to put as full 
information as possible on their plates; this plate is very often only 
marked to show the amperes and volts, the speed being frequently 
omitted altogether. АП motors should be clearly marked to indicate 
whether intended for continuous or intermittent working, as this is by 
no means easy to find out. With regard to classification the author 
makes no special mention of the “pipe” ventilated class, which is 
rapidly coming into everyday use. Perhaps the author in his reply 
will kindly make this clear. 

The figures for the wearing depth of commutators are high, 
unnecessarily so, as, if a machine does not spark, there is no reason 
why the commutator should not last as long as any other part. Emery 
cloth should never be used on any commutator ; if glass-paper does not 
do what is required, then carborundum cloth should preferably be 
used. The peripheral speed will, of course, have a considerable bear- 
ing on the question of wear. We (the British Engine, Boiler, and 
Electrical Insurance Company, Ltd.) have a special clause in our 
specification with regard to performance, to which at first some 
makers took exception ; but they have all come into line now, and 
this clause embodies all the points mentioned by the author, except 
that he suggests there should be practically no sparking. I would 
rather say no sparking, and also omit any reference to the brushes ; 
these in my opinion should be fixed. On this point the French 
and German Standards seem to be too lenient, and there surely can be 
no necessity for the application of any glass-paper after a 24-hour run. 
I am afraid that consulting engineers are largely to blame for 
absurd requirements in regard to overload capacity. An overload 
capacity of 25 per cent., and even 50 per cent., is often called for; 
this must be quite unnecessary ; . a lower machine is wanted, why 
not ask for it? We usually call for 25 per cent. for one hour, and 
IOO per cent. momentarily, which is amply sufficient for all practical 
purposes. I quite agree that full- and half-load figures are all that are 
really required ; and this is also our standard practice with regard to 
efficiency and power factor. It is important that the method of 
ascertaining the efficiency should be clearly specified. A difficulty 
often crops up when it comes to the allowance to be made for loss in 
the brushes on the commutator or slip-rings ; this again is a point on 
which we cannot always ‘get makers to agree with us; there are 
two or three methods, but none of them is always quite certain. 
The author says in regard to insulation that no hygroscopical 
material such as cotton or paper should be employed, and I should 
like to know if the word paper includes press-spahn, etc., and whether 
this material is fully impregnated, as cotton and paper ought to be 
if employed. Is there any good reason why this substance is not 
nowadays used for intersegmental insulation ; assuming that the 
voltage per segment is not excessive, there is no sparking, and oil 
is rigidly kept off the commutator ? 
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We, as so many others have evidently done, have specified usually Mr. Foster. 
a maximum temperature rise, when measured by a thermometer on 
the surface, of 40° C., but always insist on a copper resistance test of 
the magnet coils both cold and hot, the mean temperature thus 
shown not to exceed 100° C. With regard to a temperature of 257? F., 
as a limit, I should like to know whether Dr. Pohl has made any 
experiments to ascertain if the insulation (such as is generally used 
in the construction of an armature) is not very dry and brittle. Thus, 
it seems to me, it must be in quite a short time if subjected to such 
a temperature or anywhere near it, more especially when it is 
remembered that in the case of an armature the material is always 
more or less under a strain owing to centrifugal force and the move- 
ment set up by expansion and contraction, which undoubtedly takes 
place. In connection with magnet coils, the author says it must be 
kept in mind in this connection that the inner portions of such coils 
exposed to 125? C., have only a very small potential difference between 
layers. This is quite true, but it is very essential that the insulation 
between the magnet coils and the frame should be as good as possible, 
and every care should be taken to make sure that no relative move- 
ment takes place between the wound coil and the pole. This is 
important when we remember that on all motors, for instance, 
connected to a 3-wire system, there is always one-half the supply 
voltage between copper and iron and so betwecn the windings and 
the earthed frame, ready to break down the insulation. I notice that 
the author does not mention the motors of continuous-current turbo- 
generators, on which the field windings are subject to considerable 
stresses, and I am very doubtful whether it would be advisable to run 
them anywhere near the temperature figures mentioned. 

I am quite in accord with the author regarding the proposed tem- 
perature of the surrounding atmosphere when making a test, and agree 
that the figure of 25° C., which we have all been using for some con- 
siderable time, might with advantage be increased to 35? C., and we 
would be prepared to adopt it in our specifications. One of our 
inspectors recently remarked that something might be done in the way 
of standardisation in arriving at a conclusion as to a suitable allowance 
for “watts per square inch dissipating surface," for partially and 
totally-enclosed machines. Most English makers, if they were asked 
regarding the heating of their machines, would no doubt say that the 
usual limit of 40? C. was not exceeded at rated output, but the difference 
іп this respect, “ watt's area" amongst different makers, is very 
noticeable. This, we think, is rather an important point, and I should 
like to know if the author has anything to say about it. Speaking to a 
large manufacturer to-day, I was informed that they allow o:3 watt per 
square inch of total radiating surface—this for quite small machines. For 
larger machines over 5 k.w. and under 20 k.w., 0'45 to o'5 watt if a fan 
is used on the armature—these figures to be multiplied by 2 if the 
machine is totally enclosed. For large machines, the usual figure 
appears to be 2 sq. in. per watt. Regarding the duration of tests, the 
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suggestion by the author is a good one, and we shall adopt it in our 
specifications if it is approved by the Standardising Committee. I 
should very much like to know to what temperature a machine or 
parts of a machine can safely be run when it is remembered that these 
parts are being revolved at a high speed and so subject to severe 
strains as I have previously mentioned. In connection with squirrel- 
cage rotors, I agree that, practically speaking, there is no need to work 
to a rigid temperature rise, unless ordinary soldered joints are em- 
ployed, for which the approximate limit of safety appears to be about 
a temperature of 150° C. 

Coming to No. 6, “Standardisation of pressures, frequencies, out- 
puts, and speeds,’ this is perbaps the most important part of 
the paper, and the author, of course, speaks with considerable 
authority and from the point of view of the manufacturer. I am 
speaking from an entirely different point of view, but nothing would 
please me better than to see the machines properly standardised. I 
can safely say that in the large number of machines we have insured, 
there are machines of every conceivable voltage, and there really 
would appear to be no standard at all. We must, of course, remember 
that there are a great many private plants, and I think the number is 
not likely to lessen. Moreover, there seems to be a tendency for the 
voltage to become lower rather than higher, due to tbe adoption of tbe 
lower voltage metal filament lamps. We have certainly a great many 
more such plants at 50 and 30 volts now than we had a few years ago 
at тоо and 110. I agree with the author that the standard periodicity 
should be 40 cycles. The question of whether flickering is really 
noticeable on a 25-cycle supply has been raised before. Only last 
week, when in Glasgow, I noticed three big firms that had arc lamps 
and incandescent lamps connected to a power supply at 25 cycles, 
and practically no flickering could be seen. I am doubtful, therefore, 
whether it really makes the difference the author mentions. Re- 
garding the standardisation of outputs and speeds, I am much 
interested in the author's suggestion, and consider this is a question 
that is best left in his hands. The suggestions appear to me to be very 
reasonable and workable. 

Mr. H. E. YERBURY: To my mind standardisation stands for 
success not only in electrical engineering but in many other industries, 
and it would be a good thing if standardisation on the lines suggested 
by the author could become universal. I should like to go a step 
further and suggest that it would certainly be to the advantage of the 
user if some standard could be framed and adopted for the mechanical 
as well as the electrical design of machines. For instance, it has been 
my unfortunate experience to have machines installed for continuous 
running, where the bearings are so hot that the hand cannot be placed 
upon them. This is attributable solely to bad design, and I suggest 
that a standard ratio of bearing surface to diameter of shaft could 
readily be adopted. I agree that there are many engineers unfamiliar 
with the existing standards, and it is regrettable to find that some 
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manufacturers ignore the British Standard Specifications, even when 
specified by engineers. Needless to say, whatever standards аге 
adopted, excellence of design and efficiency will still be the pre- 
dominant factors when orders are being placed. 

The author's remarks concerning temperature rise and methods 
of taking same are extremely important, and his suggestion of an 
internal thermometer strikes me as being more suitable for general use 
than the resistance method. It is well known that high internal 
temperature is the cause of many breakdowns of field coils, and I can 
support the author in saying that external temperature readings are 
both unscientific and misleading. I observe that the Germans wisely 
have different ratings for different coverings. These prove in prac- 
tice to be well founded. I may say that many years ago we experi- 
mented with asbestos-covered wires for motor field coils, and the 
results proved so satisfactory that it is now our standard. "These coils, 
of course, are unimpregnated, and they can be worked at a very high 
temperature without disastrous results. Now that the majority of 
manufacturers use commutating poles, I see no reason why standards 
could not be adopted for open and enclosed type motors as suggested. 

Mr. W. HARTNELL: With regard to classification, I do not see 
the advantage of including such specialities as flame-proof motors. 
Some twenty years ago I patented an explosion-proof motor, and at 
the same time I patented a ventilated motor, divided by a diaphragm 
into two parts forming a suction and delivery (with or without external 
pipes) For ventilation in explosive atmospheres it was proposed 
to pass the air through an external entirely closed cooling chamber. 
The thickness of the commutator segments must not only be 
sufficient for reasonable wear, but sufficient to leave a margin of 
transverse strength when the commutator is worn out. The question 
of overload capacity from a commercial point of view seems to have 
been forgotten by the scientific men, but not by the author. No 
manufacturer wants a motor except as a necessary means to an end. 
In these competitive times the business man wants to pay a minimum 
price for the power he has decided to be necessary. The manu- 
facturer should be offered what he demands with a nominal margin. 
In years gone by engines and boilers were expected to carry heavy 
overloads. At the present time it is usual to tender definitely for the 
stated horse-power of the engine, and the gallons of water evaporated 
per hour by the boiler under certain definite and advantageous work- 
ing conditions. In the competition of the nations our foreign friends 
have an advantage because they specify and make motors to do the 
working load named, but not to do much more. If we get an inquiry 
from Japan or South Africa, and we use the English specification the 
chances are that they only perceive that we are dearer than Europe or 
America. If we аге to compete in the business of the world we must 
be somewhere in line with the Continental markets. 

With reference to the temperature rise, the limits must in practice 
vary with the conditions of service. In central stations and on board 
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ship there must be no risks. In, say, a steel works where there are 
more than a hundred motors, it may be good business policy to allow 
much higher temperature limits. From many years experience with 
repairs of various makes of dynamos and motors, I conclude that the 
failure of a shunt coil from high internal temperature under ordinary 
working conditions is very rare. Safety and safe limits in electrical 
plants, must in the end be determined by experience. If the in- 
surance companies who insure dynamos, motors, etc., would under- 
take thorough inspection-and tests at reasonable intervals and record 
all failures (as is being done in regard to steam engines, etc.), a mass 
of statistical evidence would be obtained on which to base the most 
advantageous practical limits of and standards for electrical machinery. 

Mr. W. E. FRENCH: I think we all agree that one-hour test for 
intermittent working is not a proper test at all. Any one who has dealt 
with the testing of motors for intermittent service or traction work will 
agree with the author that the machine thus tested is far too big for 
the purpose. With regard to classification, and particularly to the 
introduction by the author, of flame-proof machines, the adoption of 
standards appears somewhat premature. I have investigated this 
point in conjunction with Mr. Bowen of the Mining Department of 
the Leeds University. We have made inquiries by circular letter to 
most of the prominent manufacturers of this country, and we find that 
in very few instances have any reliable tests been made by the manu- 
facturers when adopting the flame-proofing on their machines and 
apparatus, and where it has been adopted they have done so entirely 
on the German basis. We find that the German tests which have been 
carried out in Bochum, although classic, were incomplete, and need 
further extensive experimental investigation and verification. "They 
first of all completely omit one very important point, viz., that all the 
tests have been carried out entirely in still atmosphere and not in the 
presence of coal-dust. Coal-dust will tend to fire lower percentages 
of gas mixtures; the hot gases will therefore be under lower pres- 
sures in the motors and apparatus, and leave the motors by way 
of the safcty devices at the lower velocity, hence the apparatus 
will not be so “flame proof" in these surroundings mentioned, as 
"velocity cooling" and expansion cooling play an important part. 
If we are to be guided by our iexperience on safcty lamps, the 
velocity of the surrounding atmosphere has a bearing on the action of 
the lamps, and as we invariably have to deal with considerable 
velocities in mines, it is very likely that apparatus found safe in the 
German tests may fail in the experiments we shall shortly be conduct- 
ing. Therefore I think this point should be taken up with some 
caution, and we must have some further tests and conclusive practical 
evidence before establishing a standard. 

With regard to sparklessness, that is a question, I think, that it 
should also be attempted to standardise. What is dangerous sparking 
and what is not is largely a point of controversy. What some men will 
consider a certain amount of sparking other people will consider 
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extremely bad. I have here a list of terms which have been adopted Mr. French. 
to overcome this difficulty, and I think it answers admirably. In order 

to get to some standard we used various terms stating various degrees 

of sparking with figures at the side of the description corresponding 

to certain descriptions of sparking. 


For example :— 


A. Sparkless. 
B. Very slight sparking. 

(A line of small pin-points all along brushes; does no 
damage and does not affect commutator.) 

C. Moderate sparking. 

(A few bright sparks like pin-heads visible in daylight ; com- 
mutator blackens; sparking thus becomes injurious after 
a long time.) 

D. Bad sparking. 

(White continuous sparks along the brushes ; noisy, occa- 
sional long snaps ; commutator lugs appear stationary and 
brightly lighted up. Commutator segments gradually pit 
and heat.) 

E. Dangerous sparking. 

(Makes a loud cracking noise, consumes brushes, and may 

fire from brush to brush. Commutator pits rapidly.) 


Something of this kind should be included in standard specifications 
in order that we might know what would be acceptable. 

Another point on which I am afraid I cannot agree is the German 
specification with regard to shift of brushes. I do not agree with the 
first part, but I think the second part is fair and acceptable, viz., that 
they limit the outputs of a machine for which the brush position is to 
remain unaltered from quarter load to full load, and that is all that need 
reasonably be expected from a machine. That the brush should 
remain untouched I think is entirely on the supposition that com- 
mutating poles will be used. Even if machines are designed with a 
liberal reactance voltage, that is, a low one, and even with a good 
stiffness of field, I have found it has been very difficult to adjust the 
brushes so that they will run sparkless from no load to full load. Often 
if we adjusted the brushes at no load the brushes would certainly 
spark at full load, and vice versá. I therefore feel that we should be 
inclined to adopt that reservation with regard to the brush adopted by 
the Germans. With regard to insulation, I would like to say that the 
machine should be tested hot, or at its final temperature. One minute 
is a somewhat long time ; half that is sufficient to show any defects in 
the insulation ; any longer periods only tend to weaken the insulation 
unnecessarily. In the alternating-current system twice the voltage of 
the amplitude waves for the flash test might meet the case. Should 
there not also be an attempt made to standardise the frequency for 
traction? Within the next few years I should think that serious 
attempts will be made to introduce alternating-current traction on a 
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large scale. The frequencies will have to be low, especially with rail 
return, on account of the “skin effect" in the latter. I can only ad- 


mire the way in which the author has made out his scheme and tables 


of speeds, etc. I think they are excellent and meet the designer's view 
to the fullest extent ; at the same time they give the users a very free 
choice in speeds and outputs. I should like to ask why Dr. Pohl has not 
introduced the overload capacities of induction motors. 

Dr. POHL: I intended them to apply. 

Mr. T. HARDING CHURTON: The first step that is necessary in 
order to bring about general standardisation of electrical machinery 
is a reduction as far as possible in the variety of electrical supply 
system. In continuous-current systems many different voltages are 
met with, and in alternating current the manufacturer is faced with 
single-, 2-, and 3-phase as well as numerous varieties of frequency 
and voltage. In recent years we have witnessed some important 
changes even in large installations. In Leeds the system originally 
put down principally for lighting was single-phase 83 cycles, but 
with the advent of the polyphase motor Mr. Dickinson took time 
by the forelock, and changed over to 2-phase 50 cycles. At 
Huddersfield the electric supply was until recently single-phase 100 
cvcles, and this has been, I believe, superseded by 3-phase 50 cycles. 
There are, however, large power schemes operating at 25, 40, and 
60 cycles, and so on, and so great a variety of electrical supply is 
unfavourable tothe production for stock of machinery such as motors. 
One difficulty in the way of the adoption of certain standard outputs 
for motors is that it might tend to impede progress in the design and 
manufacture of such machines. For example, a motor that at present 
gives ro B. H.P. under certain conditions, might, by the use of improved 
material or ventilation, be made to develop 11 or 12 H.P. Why should 
the manufacturer be precluded from rating the motor at its true value 
in the event of this not happening to correspond with an arbitrary 
standard? I would venture to suggest that it is the most urgent duty 
of the Engineering Standards Committee, or of this Institution, to take 
in hand the revision of the report on the rating and testing of electrical 
machinery, already too long delayed. 

Mr. Есвтасе R. CONDER (communicaled): There is just one 
question which I should have liked to have asked the author to reply 
to. On page 183 he suggests a flash test to earth of double the working 
pressure. He, howcver, does not mention a flash test between phase 
windings in alternating-current machines. I should be glad to know 
if that omission is accidental or intentional, and if intentional, what are 
the author's objections to such test? I consider a flash test between 
phases very desirable, because it is not uncommon for the insulation 
to break down between phase windings. I have noticed that some 
reputable makers put less insulation between phases than to earth. 
Yet with the system completely insulated or the neutral-point 
earthed there is a greater pressure between phase windings than 
to carth. 
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Dr. POHL (in reply): Let me say at the outset that I have been 
delighted with the amount of criticism my paper has received and the 
large number of further suggestions which have been made. The main 
object of the paper has thus been attained. It is only by criticising 
and by discussing alternatives that we can supply to the Standards 
Committee the material from which to formulate the new mules: to 
which we are looking forward. 

I wish, in the first place, to reply to Mr. Hammond and to 
clear myself from the charge of having attacked the constitution 
of the Standards Committee. One speaker even thought that I had 
made scathing remarks about its members. Needless to say, no such 
idea entered my mind; on the contrary, I cordially agree with the 
constitution of the sub-committee which formulated the standards 
of 1907, and have clearly pointed out that I would like to see the 
standards developed by a committee constituted on similar lines. It 
is for this very reason that I brought this paper forward here and 
not before the Association of Manufacturers, because any standards 
brought out by the Manufacturers' Association would not be backed 
up by the authority of a competent and independent body repre- 
senting all the interests involved in this question. What I have 
stated, however, and what I maintain is, that the standards of 1907 
represent the first and tentative step in the direction of standardisa- 
tion and have in practice proved a complete failure. "This latter fact 
was borne out by several speakers, and it cannot be denied. I will 
go further and say that other manufacturers complain with me that 
nothing further has been done since 1907, though most of them appear 
to be afraid to come forward and to stand here to be shot at. I am 
afraid Mr. Hammond has misunderstood one or two suggestions which 
I made. In the first place, he thought that if my proposal with regard 
to the duration of tests were adopted he would have to go with his 
wife and family to the particular place and stay there at least *from 
week-end to week-end." Now I have specially introduced a clause, 
which I read to you before, the intention of which was not to lengthen, 
but to shorten, the duration of the test in most cases, because I 
believe the 6-hours' test is too long for the majority of machines, 
namely, the small and medium-sized machines, while it is too short for 
the larger ones. I clearly stated that “ the suitability for running from 
week-end to week-end shall be proved by the prescribed tests." Those 
prescribed tests, of course, do not include a run from week-end to 
week end, which would be absurd. Mr. Hammond also suggested 
that the committee had swept away the overload. While I was in 
perfect agreement with the spirit of his remarks on that point, I am 
afraid the committee have actually not swept away the overload. The 
fact of the matter remains, as pointed out before, that 25 per cent. over- 
load for two hours and 5o per cent. for half an hour is almost general 
British practice. This has not been affected by the committee leaving 
out any clause relating to overload from the specification. Mr. Ham- 
mond further criticised my suggestion of replacing 25? C. by 35° C. as 
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the basis of the temperature specification. I believe this is a matter 
of considerable importance, and my suggestion was fully approved 
of by other speakers. Mr. Hammond pointed out—and I was well 
aware of it—that the present standards allow a reduction or an increase 
of the permissible rise according to whether the temperature of the 
atmosphere in which the machine will have to work is below or above 
25% But this means that machines intended for use in an atmosphere 
above 25? C. require to be designed specially, and it is this special 
design I desired to see avoided. That is the meaning of the suggestion 
that the standard figures for temperature rise be based on an atmo- 
spheric temperature not of 25? C. but of 35° C. 

Mr. Churton pointed out, and I agree with him, that one cannot 
standardise alternating-current machines for all the frequencies pre- 
vailing in this country. I only suggested they should be standardised 
for 5o and 40 cycles. It is a very unfortunate circumstance that we 
have in this country so many frequencies, and this is due to the fact 
that we started standardising too late. If we had standardised voltages 
and frequencies early enough we should not now be faced with these 
difficulties. But surely that is no reason why we should not learn 
from our mistakes, prevent the further development in these multi- 
farious directions, and standardise machines at least for the most 
common frequencies. 

Mr. Robson is of opinion that the number of sizes which I have 
given in Table IV. is too great. [Mr. RoBsoN: No. I say they 
are greater than what the average manufacturer gives to-day.] I 
did not like to make it any smaller because, as pointed out in the 
paper, the number of sizes determines the speed steps, which latter 
must not become too great. Even with the standards suggested the 
speed steps are 33 per cent., and after careful consideration I came 
to the conclusion that we should not go beyond that. Mr. Robson 
thinks that unless manufacturers come to an understanding as regards 
selling prices we shall never be able to make profits. Whilst I fully 
agree with many of his reflections this is a point on which I disagree. 
In my opinion the prices of machines as sold in this country cor- 
respond to those at which they are sold in the open market of the 
world—in other words, they are to a large extent determined, I believe, 
by the price at which foreign-made machines are offered. It is fre- 
quently stated that selling prices are too low for manufacturers to make 
reasonable profits. But what I say is that our manufacturing costs are 
too high. We must learn from the methods of industrial organisation 
adopted abroad and bring our manufacturing costs down. By doing 
so we Shall make profits because selling prices will not decrease in the 
same proportion, and our balance-sheets will look very much healthier 
at the end of the year. I do not believe in artificial means of raising 
manufacturers’ profits by various legal, political, and other methods 
which have been suggested. I would not like to do away with the 
sting of either home or foreign competition, and thus to hide away our 
own weakness. We should learn by it and try to find out why those 
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people can obviously make good profits in spite of low selling prices. 
It is not because the machines are bad, that is quite an exception. 
The fact is that, aided by standardisation, they have developed a higher 
form of industrial organisation, which means higher industrial efficiency. 
They manufacture in large numbers, whilst we continue to make indi- 
vidual machines. Instead of waiting for manufacturers to form a ring 
amongst themselves it would be very much better for all concerned, 
but especially for the general buying public, if an independent body, 
such as the Institution or the British Standards Committee, would take 
the first step in this matter and, by standardising not only perform- 
ances, but also outputs and speeds, give small and large firms some 
of the advantages which the great American and German concerns 
derive from their organisation and vast production. 

Dr. Thompson very rightly drew attention to the increasing demand 
for 115-volt machines for private installations. Nevertheless, the number 
of 115-volt dynamos made at the present time bears such a very small 
proportion to the total number of motors and dynamos manufactured 
that I considered myself justified in suggesting their elimination from 
the list of “standard” machines. The provision of joo- to 115-volt 
machines means a serious complication with regard to the length of 
commutators, length of end-shields, and so on. I think for the present 
they should remain special machines, but if the development of the 
115-volt supply continues they would, of course, later on be included 
in the standards. Dr. Thompson also drew attention to the misleading 
term “regulation.” It should be “irregulation,” of course. I adhered 
to the word “regulation” because it is contained in all the standards. 
He gave us a very interesting and very useful rule for determining how 
long it will take for a machine to reach its final temperature. [Dr. 
Тномрѕох : Not how long—how high it will go. May I explain? 
The rule I gave was not how long it will take to get up to the top, 
but what is the top to which it will go up. The test goes on long 
enough for the rate at which the temperature is going up to have 
become half what it was at starting; then, being half-way up to 
the top, we have only got to double the reading and we have it.] 
The object of the application of that method, I take it, would be to 
reduce the duration of tests. [Dr. THoMPsoN: Exactly] Мг. Jones 
pointed out a fact, of which I was fully aware, that manufacturers 
had ample opportunity in 1903-4 for suggesting to the Standards 
Committee what was desirable, and no doubt the standards which 
were the outcome of those considerations were made in conjunc- 
tion with the manufacturers. But a Standards Committee should 
be a standing committee to which any development in manufacture 
should be immediately referred, so as to keep the standards up to 
the requirements of the time.* Mr. Jones also raised the very interest- 
ing question as to what “no sparking” means. I am quite in agree- 
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ment with him that it would be very much better if we could get some 
accurate definition of that condition. I believe if one sets about it 
very carefully, one can always detect some sparking in every machine. 
Even if it is not visible there will probably be some minute sparking 
under the brush in the majority of cases. For this reason I object to 
the term “absolutely no sparking.” We must arrive at some under- 
standing about this question. What I meant by practically no sparking 
was, that there should be no sparking which will in any way injure the 
surface of the commutator, even if the machine continues to run for 
weeks. This, I consider is the determining feature, though a practical 
definition will require very careful consideration. I cannot go into all 
the questions raised in the discussion ; I will communicate them later, 
but I hope, and from one remark which Mr. Hammond made, I believe, 
that our suggestions will be useful for the formulation of new standards. 
I think Mr. Hammond indicated that the committee will shortly 
meet again to consider this matter, and if our discussion to-night will 
have any influence on the deliberations of that committee, then I am 
quite sure my paper and the discussion to-night have not been wasted, 
but that we have done useful work, directly or indirectly, for the benefit 
of all sections of the electrical industry. 

That Mr. Emmott as a consulting engineer is so fully in agreement 
with the proposals which I put forward is a matter of great satisfaction 
tome. I was somewhat afraid that consulting engineers might look 
askance at the suggested thorough standardisation, which, of course, 
means some curtailment of individual views. I was confident, how- 
ever, that consulting engineers would ultimately agree that the adop- 
tion of standards which have been evolved by the consideration of a 
representative body such as this Institution or the British Standards 
Committee is іп the interest of all parties concerned. Мг. Emmott's 
remarks fully bear this out. It need hardly be mentioned that the 
standard specification requires to be amplified in the case of all special 
machines. 

I doubt whether Mr. Wrights suggestion that the size of 
brushes should be standardised is a good one. I am particularly 
anxious to avoid standardisation where it may impede progress, and 
for this reason I also disagree with the suggestion of standardising 
mechanical parts. Mr. Wright drew attention to the high speed 
required for driving centrifugal pumps. I consider that motors for 
these purposes are really special machines, and need not be considered 
in lists of standard machines, at any rate for the present. 

I was particularly glad to receive Mr. Foster's approval of many of my 
suggestions. He mentioned that I have not included pipe-ventilated 
motors in the classification of machines. I intended that these motors 
should come under the class of ventilated machines, there being little 
difference between a modern “ventilated” and a “ pipe-ventilated ” 
motor. As regards overload capacity, Mr. Foster is one of few 
engineers who realise the absurdity of the excessive requirements still 
to be found in most British specifications. Mr. Hartnell pointed out 
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very clearly that what is wanted 15 а motor to do certain work and that 
it is foolish to specify, say, 25 per cent. overload for a great length of 
time or even continually. If we want a 10-H.P. motor to run at 20 per 
cent. overload continuously, we might as well call it a 12-H.P. machine. 
Mr. Foster suggested that the word “ practically" in the “ sparking” 
clause should be eliminated, in order that it might read “there shall be 
no sparking.” Frequently the words “absolutely no sparking” are 
employed, but there is nothing “ absolute " in this world. I am, how- 
ever, fully in agreement with what Mr. Foster meant to convey. No 
sparking should be permitted which would prevent the commutator 
from forming and maintaining a bright surface. He also objected to 
the clause that there should be no shifting of the brushes, “except 
where otherwise stated.” The object of the latter reservation is merely 
to take into account machines intended to be regulated by means of 
shifting the brushes ; in other words, it should apply only where it is 
an understood point at the time of placing the contract that the 
brushes are to be shifted. 

This brings me to a point which Mr. French raised. He suggested 
that we should adopt the German rule, i.e, that the brush position 
should remain fixed from } load to full load only, in view of the diffi- 
culty of designing machines for constant brush-position throughout. 
I quite agree with Mr. French's statement that it is very difficult to get 
this constant brush-position without interpoles, but nowadays it is: out 
of the question to expect people to move the brushes when the load 
сотеѕ оп. Where it is not wished to employ commutating poles, there 
is no alternative but to use a larger machine. I am obliged to Mr. 
Conder for raising the question of the flash test between phases of 
alternating-current machines. In my view the flash pressure to earth 
Should also apply between phases where these phases are insulated 
from one another under working conditions: for instance, in the case 
of 2-phase windings. For theoretical and practical reasons, how- 
ever, a different test should apply for windings permanently joined at 
One or more points, such as 3-phase windings. For such machines 
I suggest that an insulation test between phases might be carried out 
by raising the speed and over-exciting the field so as to obtain a 
pressure between the terminals 50 per cent. above the highest working 
pressure. 

Mr. Foster drew attention to the difficulty of measuring the drop 
in brushes. It was for this reason that I suggested the Standards 
Committee should fix definitely the voltage drop which has to be taken 
into account in working out the efficiency, and that for this purpose 
brushes should be divided into three classes: carbon, metal carbon, 
and metal brushes. With reference to Mr. Foster's objection to the 
maximum internal temperature, which I gave as 125°C., I suggested 
this figure only for the internal parts of field coils, whereas for the 
internal parts of the windings, which are subjected to high mechanical 
and electrical stresses, I suggested 110°C. Of course, I am well aware 
that insulating material deteriorates gradually ; that is proved con- 
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clusively by the experiments carried out at the National Physical 
Laboratory, but 125°C. is the temperature which was found to be the 
safe limit for cotton. According to my suggestion, this temperature 
would only be approached in the central parts of field coils where we 
have not to deal with press-spahn but only with cotton. In all modern 
machines the field coils are thoroughly impregnated after being dried 
in vacuum, which makes them capable of standing a higher temperature 
than ordinary cotton. I am therefore certain this specification is quite 
safe, considering also that the external parts of the coils, where we have 
press-spahn and other insulating materials, will, of course, always be at 
a much lower temperature. There are numerous machines, the field 
coils of which have an internal temperature above 125? C., which have 
been running for twenty усагѕ or more and continue to give entire 
satisfaction. This proves conclusively that the internal temperature 
suggested is within the limits of safety. 

I am very glad to hcar that Mr. Foster has already issued instruc- 
tions for the adoption of the internal thermometer test. It will be 
interesting to find out how it works in practice. I was somewhat 
surprised at his statement that metal filament lamps do not flicker at 
25 cycles. I noticed that the L. B. and S. C. Railway, which is operated 
by 25-cycle current, have adopted metal filament lamps in some 
carriages, and was surprised at the flicker, which was most disagrce- 
able. I noticed also other coaches which were lighted by carbon 
lamps, and there was no flicker. That is quite in agreement with a test 
I carried out some eighteen months ago. 

Mr. French's experiments with regard to flame-proof motors will 
be most valuable, and I am glad he has given us some preliminary 
results. His statements as tothe effects of carbon dust on the explosion 
pressure were most interesting; they confirm the view I have held all 
along, that the long-joint type of flame-proof motor is greatly superior 
as regards safety to the grid type. 

Mr. Churton is afraid that the adoption of standard outputs might 
tend to impede progress, in so far as it would prevent manufacturers 
from taking advantage of such improvements as would allow the output 
to be raised by only 10 or 20 per cent. This objection is hardly a valid 
one, because the raising of the output is by no means the only way in 
which manufacturers can utilise minor improvements. Another way 
consists in the saving of material or labour and thus in the cheapening 
of production, and perhaps the best way of all is the improvement of 
the running qualities. It is fallacy to believe that standardisation of 
outputs and minimum performance means stagnation. I would oppose 
it strenuously if I thought there was any real danger in that respect. 

(Communicated) : Several speakers expressed the view that it is too 
early for the inclusion of the flame-proof motor in the standards. I 
think that, on the contrary, definite explosion tests ought to have been 
prescribed long ago for all machines and apparatus sold as flame-proof. 
If the Institution had attended to this important matter as well asto the 
question of the “ competent” colliery electrician in the way the Associa- 
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tion of Mining Electrical Engineers is now doing, there would have Dr. Pohl, 
been no cause for the scare as to the use of electricity in mines which 
has been reflected in recent legislation. Even one or two of the 
speakers appear to bave been affected by that scare. It should be 
clearly recognised, however, that the saving of human lives quite apart 
from the economic aspect, which is the indirect result of the use of 
labour-saving electrical appliances in mines, must be infinitely greater 
than the number of fatal electrical accidents ; the statistics show these 
latter to be surprisingly few. Electric machines for use in mines can 
be made as safe as miners' safety lamps, and there is no need for any 
special restrictions, provided that stringent tests are insisted upon to 
demonstrate that they are really flame-proof. 

With regard to the duration of temperature tests, whilst some 
speakers suggested methods for reducing them even more than I advo- 
cated, others prefer to adhere to the 6-hour run which they consider a 
good mechanical test. In my experience a mechanical defect which 
does not show itself during the time it takes for the machine to approach 
its final temperature—and that is my proposal—is not likely to be found 
out within another hour or two. Moreover, there is the overload test 
which represents a much more severe mechanical trial than would be 
obtained by a continuation of the full-load run beyond the time required 
for heating pure and simple. For these reasons I must uphold my 
original proposal. Mr. Jones objected to the internal temperature of 
125° C. for field coils, because of the large speed variations between 
cold and hot, which he believes it would lead to. Now this view 
appears to me to be erroneous. In the first place, I have pointed out in 
the paper that 125° C. internally is often reached and exceeded under 
the rule of 40? C. rise of the surface. But quite apart from that, where 
a low speed variation is desired it can be obtained by a suitable choice 
of the magnetic densities, even if the proposed rule were to affect 
seriously the rise in resistance of the field coils, which it would not do. 

I am greatly obliged to Mr. Cooper and to Mr. K. Scott for their 
contributions, and also wish to associate myself with Mr. James' remarks 
as to the need for standardising voltages and frequencies for single- 
phase traction. He further pointed out that the proposed internal 
thermometer test would be difficult to carry out in many cases of 
enclosed or protected type machines, I was not unaware of this diff- 
culty, but consider that a small hole might easily be drilled into the 
frame or end-plate to facilitate the insertion of a thermometer where 
this is not otherwise possible. Alternatively a flexible thermometer 
might be employed, the simplest form of which is probably a thermo- 
couple, which would permit of the temperature rise being directly read 
from a suitably calibrated millivoltmeter. 

In conclusion, I wish to return to the larger aspect of the problem 
of standardisation. How great is the benefit that can be derived from 
it? Mr. Robson gave it as his opinion that the reduction in the cost of 
manufacture would not be as great as might be anticipated unless 
manufacturers agreed on a scheme of pooling and suitably distributing 
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their orders. In my view Mr. Robson has, with these remarks, indicated 
the key to the whole situation. For years I have been of opinion that 
such a scheme of co-operation, which would immediately result in 
much lower cost of production, is not only from every point of view the 
most desirable, but also the most probable outcome of the industrial 
developments in this country. I estimate it would first of all mean a 
reduction in cost of as much as 25 per cent. Those who doubt this 
may enquire whether any manufacturer would decline an order for, 
say, a thousand 20-Н.Р. 440-volt motors to comply with a safe specifica- 
tion such as outlined in my paper, at 25 per cent. below his ordinary 
selling prices, when there 15, moreover, a practical certainty of regular 
repeat orders. The bulk of this saving would benefit the consumer, and 
the reduced prices would give a powerful impetus to our export trade 
and further accelerate the electrification of industries in this country 
and abroad. The pooling of orders could not without very great diff- 
culties apply to anything but standard machines. Yet itis a well-known 
experience that with almost every large installation, special machinery 
is required as well as standard, and the demand for the former is there- 
fore bound to go up as wellasthe latter. The scheme of co-operation 
outlined above represents in my view the healthy and desirable equiva- 
lent for trusts and secret combines, and considering the low cost of raw 
materials and low cost of living resulting in a satisfactory level of wages, 
I see no reason why the British electrical industry should not develop 
into an exporting industry of the first magnitude, and why all the estab- 
lishments, the total capacity of which is at present quite excessive, 
should not be kept fully, regularly, апа profitably employed. It will 
probably take years, however, before the manufacturers will have 
become sufficiently educated to fall in with some such scheme of 
co-operation. At present most of them still think that the only way of 
getting orders is to take them away from their competitors. Neverthe- 
less, co-operation for the cconomical production of standard machines 
is bound ultimately to take the place of wasteful competition. There 
can be no antagonism towards it, because the prosperity of all sections 
of the electrical industry is bound up with that of the manufacturers. 
It is because I foresee this devclopment that I have laid so much stress 
on the need for an independent and representative body drawing up 
not only a minimum standard of performance, but in addition a com- 
plete list of standard outputs and speeds. 
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SMALL ELECTRICITY SUPPLY UNDERTAKINGS. 
By PERCY A. SPALDING, Associate Member. 


(Paper first reccived Fuly 29, 1911, received in final form October 30, 1911, 
and read before the DUBLIN LOCAL SECTION on December 7, 1911.) 


Slightly more than eight years ago a paper was read before the 
Leeds Local Section by Mr. A. B. Mountain* on the subject of the 
supply of electricity to small towns and villages. 

The subsequent progress of supply in small areas has, however, 
been very disappointing, and the author is of opinion that the subject 
is well worthy of further consideration under the improved conditions 
which now obtain. 

In the first place, suction gas plants and engines are very much 
cheaper, and are more economical and reliable in operation than in 
earlier years ; secondly, the advent of the metallic filament lamp had 
reduced the cost of electricity to the consumer to about one-third of 
the cost heretofore, light for light; so that even the poorer classes 
(which form a large percentage of the population in small areas) now 
find it cheaper to adopt electricity. Further, the initial capital expendi- 
ture required to establish a supply in a small district is very much less, 
for the reason that not only, as has already been stated, are generating 
plants cheaper, but also the capital expenditure on mains is less. Lastly, 
the cost of producing electricity by modern suction gas or Diesel oil 
engine plants is reduced to a figure which would, a few years ago, 
have been considered impossible with very small plants. 

These important facts go to prove that the prospects of success with 
such undertakings are considerably improved and should be the means 
of stirring up local enterprise to a greater extent than has Ween 
developed during the past few years. 

Keeping in view, however, the fact that the same amount of light as 
was hitherto obtainable can now be had at about one-third of the cost 
to the consumer, it is reasonable to assume that the demand for light 
will now be correspondingly greater, and therefore the revenue during 
the early years of the undertaking will also be increased, although 
perhaps not in the same proportion as the demand. 

In comparison with the conditions which existed in earlier years, 


* Fournal of the Institution of Electrical Engineers, vol. 32, p. 1017, 1903. 
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the following specify those that now obtain, and which, it is expected, 
will be the means of accelerating local enterprise :— 


I. Reduced capital expenditure on plant and mains; and 
therefore 

2. Reduction in the amount of the annual repayment of loans. 

3. Reduced working costs owing to more economical generating 
plant. 

. Increased output due to greater demand for cheaper light. 

. Increased profits as represented by the difference between (3) 
and (4). 


л ++ 


It is the ambition of each of some of the larger supply companies 
to control as extensive an area as possible, and to supply in bulk all the 
small towns and villages that are within this area. Under present 
conditions, however, electricity can now be generated locally at a price 
against which the large supply company will find it hard to compete. 

The scope of this paper is limited to very small towns having a 
population of from 1,000 to 5,000, and to larger towns having a popu- 
lation from 5,000 to 15,000. The conditions which govern the supply 
vary so greatly between these extremes that the author considers it 
advisable to subdivide his remarks under two headings. 


СА5Е I.—SMALLER AREAS, POPULATION 1,000-5,000. 


Plant and Buildings.—There are very few districts in the United 
Kingdom where it will be found possible to supply electricity from water- 
power, which can be harnessed at a reasonable cost. Assuming that in 
a particular case a water supply is conveniently near, and that careful 
investigations show that during the driest season of any year there will 
always be sufficient supply of water to drive the proposed plant and 
meet all demands, the question which then must be considered 15 
whether the running costs and standing charges for a hydro-electric 
` plant will be more or less than similar figures estimated for a suction 
gas or oil engine plant. 

The question of prime movers for these small plants (other than 
water turbines) will, as a general rule, have to be decided between 
suction gas plants and oil engines working on the Diesel principle. 
The generating costs per unit with the respective plants will depend 
largely upon the price of fuel per ton delivered at the station. 

The capital cost of a suction gas plant is less than that of a Diesel 
plant of the same output, but against this must be considered the fact 
that repairs and depreciation are greater with the former. All things 
considered, however, there can be no question that for these very small 
districts, where the capacity of the plant does not exceed 100 B.H.P., 
suction gas engines at present take precedence over all other existing 
prime movers. 

(Further remarks on this question will be made later.) 

A battery of accumulators is absolutely indispensable with these 
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small undertakings ; the many advantages attendant with a battery will 
more than compensate for the capital expenditure on it. Accumulators 
as now manufactured require very little attention, give no trouble, and, 
so far as maintenance is concerned, it is sufficient to state that the 
makers, as a rule, will enter into a contract for a long period, and 
maintain the battery at its rated efficiency during this period, at an 
annual charge of about 74 per cent. of the initial cost. 

The author makes no attempt to quote any estimated figures 
showing the capital expenditure required for any particular scheme, 
either here or later, as he considers that such would serve no useful 
purpose. Accurate and reliable figures can be determined only when 
full details of local conditions, which may have any bearing whatsoever 
on the undertaking, have been carefully ascertained. 

Supply, апа Disiribulion.—In the majority of these areas a direct- 
current 220-volt 2-wire system of distribution will probably be found 
the most satisfactory, all things considered. In certain cases, where 
the area of the district to be supplied is very small, it will be worth 
while to estimate whether, if the distribution pressure were only 110 
volts, the increased cost of copper in the mains, as compared with a 
220-volt system, will be more or less than the extra cost of a battery 
having twice as many cells of smaller capacity, as would be necessary 
with the higher pressure. Also with the lower pressure it is worth 
while to consider the question of using bare copper tubes or strips for 
the feeders instead of insulated cables. 

As regards the method of installing the mains, it should be 
remembered that in most of these thinly populated areas the houses 
are very scattered, and in consequence the distributing system will be 
comparatively extensive. In such cases underground mains will be so 
costly that, from the commencement of the supply, a serious handicap 
is imposed on the profitable working of a small undertaking owing to 
the increased capital expenditure on mains. Every effort therefore 
should be made to obtain permission for the erection of overhead 
mains. The advantages of an overhead system over underground 
mains are well known, but it may not be out of place briefly to 
enumerate them here :— 


1. Initial cost of complete system only about one-half of that of 
an underground system. 

2. Cost of service mains correspondingly less. 

3. Extensions carried out more expeditiously and at considerably 
less expense. 

4. Easier to inspect and keep in order. 

5. Repairs and maintenance less costly. 


Charges for Supply—The majority of the houses in these districts 
are small, and the number of lights required will seldom exceed 6; the 
round average for a number of such houses may be assumed as 4 
lights. In these cases it will well pay the undertakers to supply small 
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consumers at a fixed contract rate per annum, based on the sizes 
of the lamps in use and the probable burning hours. This system 
has the important advantage that meters can be dispensed with, 
so effecting a corresponding reduction in initial expenditure ; and 
there is a further saving in working costs, in that the expenses connected 
with attention and repairs to meters is avoided, and clerical work in 
reading meters and making up accounts is correspondingly reduced. 

(The question of charging for current is discussed at greater length 
later on.) 

The working costs per unit generated with the smallest of these 
plants should not exceed 1°5d., while the total costs, including all 
standing charges, could be kept at or below 24d. per unit, provided the 
initial capital expenditure is small. If, therefore, a flat rate tariff is 
fixed at 6d. per unit, it will enable the undertaking to make a good 
profit on the sale of current, and should meet with the general approval 
in the district. At this price the cost of burning a 16-c.p. metal lamp 
for 1,000 hours will begs. This size of lamp will probably be generally 
used in these small houses, and as the inhabitants usually keep early 
hours, the average burning hours for each lamp installed might reason- 
ably be taken as 1,000 per annum. Hence, the contract charge can be 
fixed atos. per 16-c.p. metal lamp per annum. The generating costs for 
every 100 such lamps connected will be about £6 10s. per annum. To 
this must be added: (1) Distribution costs ; (2) rent, rates, and taxes ; 
(3) management expenses and special charges ; and (4) proportion oi 
loan repayment and interest on capital, or depreciation and reserve, 
according as the undertaking is run by alocal authority or by a company. 
The gross profit, after allowing for items (1), (2), and (3), will be about 
£30 per annum for every roo such lamps conriected. It is obvious, 
therefore, that the greater the number of lamps connected, and the 
sooner they are supplied, the greater will be the prospect of the under- 
taking showing a net profit during the earlier years of operation. 

It is suggested above that 6d. per unit will form the basis on 
which the contract charge per lamp is fixed. The actual figure in 
any particular case will depend, of course, upon the standing charges 
per kilowatt of consumer's demand and the running costs per unit, 
and therefore can only be determined with any degree of accuracv 
after the station has been in operation for at least two years. The 
preliminary figure charged, however, should err, if anything, on the 
high side; it can then be reduced accordingly as more accurate 
figures are obtainable. 

It is scarcely to be expected that a contract supply can ever be 
universally adopted in any particular district. There may be a 
number of large houses, residential or otherwise, the owners of which 
will prefer paying either by meter at the rate of, say, 6d. per unit, 
or by whatever alternative tariff is in force. In some cases, where, 
for instance, as many as 20 lights or even more are installed, and 
the owner will consider the question of a contract, but not on the 
basis- of gs. for every equivalent 16-c.p. metal lamp connected, 
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it will be found necessary to readjust the charges according to 
the number and sizes of the lamps installed, and to the extent to 
which these will be used. 

It should not be a difficult matter to fix an equitable charge of a 
lump sum per annum to cover all the lights installed. During the 
past two years the author has drawn up agreements for a supply 
by contract to a number of comparatively large buildings of all 
classes, in which are installed lights varying in number from 30 to 75, 
equivalent 35-watt metal lamps. The author sees no reason why this 
contract system could not be applied with equal facility and advantage, 
to cover a supply to small domestic utensils, such as electric flat-irons 
and kettles, etc., and so avoid the cost of separate meters for these. 
It should be fairly easy to arrange an equitable charge, and such 
consuming devices, if used extensively, will materially improve the 
load factor of very small stations. 

Free Wiring.—The majority of the houses in most of these small 
districts are tenanted by the poorer classes, and these people cannot 
incur much expense to adopt electric light. The question of free 
wiring must therefore be considered. It should be possible for 
most undertakings to carry out all necessary installation work, up 
to and including switches and ceiling roses, at a cost with wood- 
casing work of from 8s. to ros. per point, the consumer in each 
case to supply the necessary fittings and lamps, and to purchase 
these from the undertakers in cash payment. 

The wires and fixtures in each free-wired house remain the property 
of the undertakers, and the tenant is charged, extra to the contract 
charge for current, a certain fixed sum per quarter or per month, 
as the case may be, which will offer a fair return on the outlay 
involved. 

A standard form of agreement for these contract consumers can 
be very carefully drawn up to specify all conditions necessary for the 
safeguarding of the interests of the undertakers, not the least of 
which conditions is one specifying that all payments must be made 
quarterly (or monthly), i» advance. 

The principles which should govern the carrying out of a supply 
scheme for the very small districts under consideration may therefore 
be summed up as follows :— 


1. Initial capital expenditure to be kept within smallest possible 
limits. 

2. Station buildings to be of simple design and economically 
constructed, the site to be central in the area of supply. 

3. Prime mover up to тоо B.H.P. to be gas engines worked by 
suction gas, operating in conjunction with a battery of 
suitable capacity. 

4. Size of initial plant installed to be based on the estimated 
probable maximum demand during the first two years only. 

5. Supply pressure 220 volts direct current, 

* Vor. 48. 16 
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6. Distribution, 2-wire overhead  uninsulated mains in all 
places where permission can be obtained. 

7. Contract supply of current for lighting. Meters to be 
avoided wherever circumstances permit. 

8. Free wiring of small consumers' premises, cost of which to be 
covered by nominal rent, or other approved charge. 


There is usually very little prospect, with the majority of these 
small areas, of a demand for power, heating, or cooking purposes being 
developed to any appreciable extent ; at any rate, not during the earlier 
years of the undertaking. It may be possible to introduce small 
domestic utensils such as electric flat-irons, kettles, saucepans, fans, 
etc., and these, if used extensively, would form a very satisfactory long- 
hour load. 


CASE 2.—SMALL TOWNS OF POPULATION 5,000-15,000. 


Much of what has already been stated in regard to the very small 
districts will apply equally to the considerations of these larger areas, 
more especially as regards a necessary knowledge of local conditions, 
the location of the station buildings, the generating plant, and the use 
of accumulators. 

In some of the towns now being considered, there will probably be 
a number of local industries among which it may be quite possible to 
develop a fairly large power load, as soon as the electricity supply 
undertaking has been properly established. Results of past experience, 
however, go to show that in many places the demand for power during 
the earlier years of supply is comparatively very small, and the author 
is therefore of the opinion that the capacity of the initial plant installed 
should be based almost entirely upon the estimated probable maximum 
demand, for lighting purposes only, during the first two years. If the 
power load develops more quickly than was anticipated, it will be a 
simple matter to install suitable extra plant accordingly. The important 
point to remember, with all small undertakings, is that the initial 
capital expenditure shall be kept as small as possible, consistent with 
an efficient and reliable supply. 

The question as to which form of prime mover will be the most 
economical to adopt in any particular case, in regard to running costs, 
will be governed by the cost of fuel per ton delivered at the generating 
station and also by the conditions under which the plant will operate. 

Diesel oil engines have a decided advantage over engines working 
on suction gas, in that they can be started up from rest and put on 
full load within the short period of less than 2 minutes (the author 
has actually seen a roo-k.w. Diesel set * tarted up and put on full load 
in 28 seconds); these engines are also capable of taking an overload 
of 10 per cent. for 2 hours. A further important point with .Diesel 
plants is that they are very economical when working at light loads. 
For outputs of less than 100 B.H.P., the balance at present appears 
to beiin favour of suction gas plants on the score of first cost ; but 
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when the initial cost of Diesel plants can be materially reduced, then 
undoubtedly the demand for these for small supply stations will be 
very great. 

The author has made no mention of steam plants as he considers 
that for such small outputs they cannot compete against the more 
modern plants just discussed, unless coal for steam plants can be 
purchased and delivered on site at a figure of gs. per ton, or therc- 
abouts.* 

Supply Pressure and Distribulion.—Unless there is very good pros- 
pect of a reasonably large power load being developed, there is little 
advantage to be gained, all things considered,.by adopting a 3-wire 
supply at 440-220 volts. There willundoubtedly be considerable saving 
in copper in the mains with this system as compared with a 2-wire 
220-volt supply, but against this must be set the extra capital cost of 
station plant for a balancer set, etc., and for double the number of cells 
of smaller capacity in the battery. 

The question of maintenance and repairs, ctc., of the respective 
systems must also be taken into consideration. It is indisputably the 
fact that the general lay-out of a 3-wire system is much more com- 
plicated than a simple 2-wire system. Although few faults will develop 
during the early years of the supply, yet in due time, as the mains 
gradually deteriorate, faults will occur. In a 3-wire system these prove 
more far-reaching in their effects, and more troublesome to locate 
and repair. With this system it is also necessary, in order to ensure 
good balancing, to keep careful records filed of all connections, so 
that it can be ascertained beforehand to which side of any particular 
3-wire distributor a new consumer shall be connected. 

In some of the larger of these towns, especially holiday resorts, 
electric traction may be developed which will call for а 400- to 500- 
volt supply. It seldom happens, however, that an undertaking is so 
fortunate as to secure a good traction load within a reasonably short 
time of the commencement of supply, and hence the question of 
tramways or other form of electric traction will not usually affect the 
decision concerning the original pressure and system of supply. 
Special plant and mains can be installed to meet traction demands 
when the necessity arises. 

Further, while it may not prove a difficult matter to obtain per- 
mission to erect bare overhead mains at a pressure of 220 volts, it is 
extremely doubtful whether a bare 3-wire overhead system with 440 
volts across the outers will be sanctioned in the majority ot cases for 
these small towns. 

Considering the comparison also from the standpoint of the generat- 
ing station, the plant for a 2-wire system is cheaper, is very much 
more simple, is more easily.controlled, and hence is more reliable in 
operation. 

* For full details of the comparison between steam, gas, and oil engines, see 


“Economics of Medium-sized Power Stations,” A. J. J. Pfeiffer, journal of the 
Institution of Electrical Engineers, vol. 43, p. 567, 1909. 
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Then, as regards street lighting; it would appear that thc only 
type of arc lamp which will continue in use is the flame arc lamp. 
Ordinary open and enclosed arc lamps are now being rapidly dis- 
placed by high candle-power metal filament lamps which are run 
singly across 220-volt mains ; flame arc lamps can be run four in series 
across the same mains. Finally, electric heaters, cookers, and sundry 
domestic appliances, cannot safely be operated at pressures exceeding 
220 volts, owing to the rough usage to which they are generally sub- 
jected. 

Hence, it follows that the only real necessity for a supply of 400 
to 500 volts is for. power purposes, and, as already stated, unless this 
is likely to assume comparatively large proportions, there can be 
nothing materially gained, taking all these facts into consideration, 
by adopting the 3-wire system. The matter may be summed up 
by stating that, if overhead mains can be erected, the most satisfactory 
system will be a 2-wire direct-current supply at 220 volts; if the 
mains have to be laid underground, the question must then be 
governed by the comparison between the respective-costs of the two 
. systems under consideration, for any particular case, as estimated 
from :— 


. Capital expenditure on station buildings and complete generat- 
ing plant, including battery and all accessories. 
2. Capital expenditure on underground mains, including cost of 
laying the complete distributing system. 

3. Repairs and maintenance of buildings and plant. 

4. Repairs and maintenance of mains of all classes. 

5. Interest on capital and depreciation, as a percentage of the 
total of (1) and (2). 


әш 


The many different methods of laying underground cables аге too 
well known to call for any special mention here ; it is merely necessary 
for any particular scheme to determine which method will prove the 
most efficient as governed by local circumstances. 

While on the subject of cables, special reference must be made to 
the rapid development during recent years of aluminium for electrical 
purposes. Bare stranded aluminium conductors have been adopted 
for many years in various places in America for overhead high-tension 
transmission lines, and apparently have given every satisfaction. 
Aluminium conductors have not been used to any great extent in 
Great Britain, and it would therefore seem that engineers in this 
country are awaiting definite particulars concerning the behaviour of 
this metal for underground cable work. Owing to the comparatively 
short time which has elapsed since they were first introduced, it is 
difficult to frame a definite opinion as to whether insulated aluminium 
cables for underground work will prove as satisfactory and as 
permanent as copper cables, over an extended period of at least 25. 
years, 
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Supply Tariffs —The question of tariffs has aroused a great deal of 
controversy during recent years consequent on the introduction of the 
metal filament lamp. In any area of supply the method or methods 
adopted of charging for current will be, inter alia, largely controlled 
by the total cost of production of electricity, the ruling charges for gas, 
and the rated value of property. 

A method of charging which appears to be gaining favour amongst 
engineers of supply undertakings is known as the assessment tariff. 
This consists of charging a certain fixed sum per annum based on the 
net assessed value of premises, plus a charge of 1d. (or thereabouts) 
per unit for electricity used for all purposes. 

This tariff, however, is almost entirely confined to private resi- 
dences ; for business premises some alternative system is necessary. 
In a paper read before the Institution in 1908,* Messrs. H. W. Hand- 
cock and A. H. Dykes advocated a “contract demand” tariff, which 
appears to meet the case for business premises in a very fair manner. 
It is not necessary to describe this tariff here, as it is probably well 
known by all who are specifically interested in the subject of supply 
tariffs. 

The maximum-demand system appears to have lost favour during 
recent years, because in a great number of cases it has not proved the 
success which was anticipated for it. This is due to no defect in the 
system, as it is theoretically as perfect as any tariff yet devised, but 
because of the difficulty found in applying it in practice. There is a 
serious drawback with it in that the account of every consumer must be 
spread over at least two quarters, one in summer and the other in 
winter, before any charge can be made. Also the average consumer 
is unable to detect the real merits of this tariff, and finds it too com- 
plicated. For these reasons, therefore, the maximum-demand system 
is scarcely likely to be adopted to any extent by new undertakings. 
A flat rate scale of a fixed price per unit with discounts according to 
the consumption registered, and to certain other conditions, has given 
satisfactory results for many years, and while perhaps it is not as 
equitable as the tariffs already discussed, it has the merit of being 
easily understood, and is therefore often preferable for the average 
consumer in small towns. 

Among the poorer classes and with small consumers generally, the 
contract system of charging, somewhat on the lines already specified 
for the smaller undertakings, will probably meet with more approval 
than any system of charging by meter, and undoubtedly it will be more 
profitable to the undertaking. In some instances, where free wiring 
of small premises has been carried out, a charge of 1d. per unit, 
extra to the ordinary flat rate charges for current, is made for the 
purpose of covering the extra cost so incurred by the undertakers, but 
this only applics where these small consumers are charged by meter. 
The custom of installing meters on small premises is one not to be 
recommended, as invariably the profit on the very moderate revenue 

* Fournal of the Institution of Electrical Engineers, vol. 41, p. 332, 1908. 
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received in each case does not cover the cost of repairs, maintenance, 
and attendance. The contract system eliminates all such charges and 
ensures a larger revenue, on the whole, for the undertaking. 

Prepayment meters have been used to a fairly large extent during 
recent years, but seeing that a mechanically good and reliable meter is 
as yet an expensive article, it is fairly obvious that the contract system 
is much to be preferred, as with this the undertakers incur no further 
expense than the cost of laying the service mains. The average 
revenue per lamp per annum from a contract supply will probably 
be quite as much as, if not greater than, that from prepayment 
meters. 

In regard to special rates for power, heating, and cooking, these 
must of necessity be fixed as low as possible in places where there are 
good prospects of a demand of current for such purposes being deve- 
loped. Manufacturers and others who already are using gas or steam 
engines, will not oust these and incur the expense of installing electric 
motors (or pay rent on motors that may be offered on hire by the 
supply authorities), unless they can be thoroughly convinced that, at 
the price charged for current, they will effect reasonable economies by 
changing over to electric driving. Great improvements have been 
made in the construction of electric heating and cooking appliances 
during recent years, and prices of such are also very much lower. 
Practical demonstrations at various places have shown that for cooking 
purposes electricity can now compete on level terms with gas ; and 
although for heating purposes the latter is cheaper as regards the 
actual cost of energy, yet the many advantages possessed by electric 
heaters, particularly for domestic uses, usually more than compensate 
for this extra cost. Hence, considering these facts, one may reason- 
ably assume that iu many of these small towns, the demand for supply 
for heating and cooking purposes will increase much more rapidly 
during the next few years than it has in the past. 


GENERAL REMARKS. 


It might prove of interest to describe the engineering features of a 
small central station which was erected twenty-one years ago to supply 
the town of Galway. "The station was built on the site of an old flour 
mill where a water supply was already to hand. The necessary 
structural alterations were effected and two submerged type Hercules 
turbines were fixed, each capable, under a normal head of 11 ft., of 
developing 75 B.H.P. The dynamos were belt-driven from counter- 
shafting which was originally connected through bevel-wheel gearing 
to the turbines ; owing to the excessive noise created by the gearing, 
this was replaced in 1907 by a rope drive from each turbine, using six 
endless cotton ropes of 1% in. diameter, to each drive. As a precau- 
tionary measure against failure of water supply during dry seasons, or 
from breakdowns of the turbines, etc., a 35-B.H.P. Dowson producer 
gas plant was installed in 1896 as a standby; there has been no 
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necessity, however, during the past four years to make any use of this 
plant. 

The mains laid originally in the town area were bare thin split 
copper tubes; these are supported at intervals of every 6 ft., and 
enclosed in ordinary 6 in. sewer pipes. The supporters are simply 
6-holed glazed earthenware insulators ; before erection, all the copper 
tubes and the insulators were coated with pure shellac varnish. The 
supply pressure was, as now, 120 volts; of the six tubes forming each 
distributor, two are joined as the positive and the other four are joined 
as the negative main. Single-eye sewer pipes were laid opposite 
every building to which it was anticipated that, sooner or later, a 
supply would be established, and the service mains (insulated) passed 
through the holes in the cap of each outlet, and were soldered to the 
respective bare tubes by means of flat copper strip; the whole cap 
was then filled in with compound. 

The author quite recently inspected these tubes along one of the 
principal streets of the town, and he found that, except here and there 
where a tube was corroded and required renewing, they were in a 
remarkably good state of preservation, considering that they had 
been in the ground for over twenty years. During the winter months 
of 1907-1908 it became necessary to install three new feeders, and the 
method of laying these was somewhat a novel one. The author’s 
attention was attracted by the claims made by the makers of a now 
well-known fibre conduit, and as the experiments he made on pieces 
of this conduit demonstrated that it was waterproof, fireproof, mechani- 
cally strong, and possessed good insulating qualities, he decided to use 
the conduit for the purpose of carrying bare copper tubes. The latter 
were ordered in 6-ft. lengths ; each tube is of split, hard-drawn copper, 
tinned at the ends ; the internal and external diameters are respectively 
iin. and jin. The fibre conduit was supplied in 5-ft. lengths, each 
2 in. internal diameter, with sleeve joints which were made watertight 
by means of a paste composed of linseed oil and whiting. Тһе copper 
tubes were joined by driving the ends into one another and running 
solder through the joints. A special ring insulator of glazed porcelain 
was fitted to each length before the tubes were jointed ; these insu- 
lators are an easy fit inside the conduit, and serve the purpose of 
supporting the copper tubes centrally along and clear of the conduit. 
These feeders have so far given excellent results ; it is impossible, 
under ordinary circumstances, for a short circuit to develop ; and con- 
sidering the low pressure of the supply, the insulation resistance is 
ample. Electrolytic corrosion due to surface leakage is reduced to 
a minimum, as the tubes and the ring insulators, before being put 
together, were coated with pure shellac varnish. The capacity of each 
conductor is 200 amperes, at a density of 800 amperes per square inch ; 
the total cost of each feeder, including all material and labour, averaged, 
roughly, 7s. 6d. per yard of trench. The cost therefore was con- 
siderably less than if insulated cables of equal carrying capacity had 
been installed. 
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Reverting to the plant, there are now installed four separate 
batteries, the first of which was erected іп тоот and the last in 1909. 
. These are maintained by the makers under a 1o years’ contract, and 
although the first battery has had continual hard usage for nearly 10 
years, it is practically as good as new at present. Each battery com- 
prises 72 cells, and gives a discharge of 165 amperes for 3 hours. 
The four batteries work in parallel and are operated from the switch- 
board independently of one another; each battery is regulated by 
means of 10 end cells. . 

During the spring of 1909, the author erected a special overhead 
main to supply a small seaside suburb distant about 1} miles from the 
generating station. Sundry shops and residences along the route of 
this supply also have been connected. For the first } mile each main 
is composed of a 3; S. W.G. hard-drawn bare copper strand ; the next 
$ mile is run with 12 S.W.G. bare strand, and the remainder with 
тт S.W.G. bare strand. The cost of the complete new overhead system 
was £631, and the services cost £127 exclusive of meters. There are at 
present 65 consumers on this supply, so that the average cost of each 
service is £1 19s. 11. Of the number of consumers mentioned, 49 pay 
by meter (flat rate) and 19 pay under contract. The lighting con- 
nections aggregate 1,194 equivalent 30-watt lamps, and the connections 
for sundry kettles, flat-irons, etc., aggregate 94 k.w. 

The total revenue from all sources (from this extension) during 
year ending December 31, тото, was £349 17s. 7d. or £5 7s. 8d. 
from each consumer. The total cost of repairs and maintenance 
of the new overhead main including services, for the year топо, 
was only £9 3s. 

The author has worked out for this particular supply the average 
revenue per 30-watt lamp connected, over a period of 12 months, with 
the following results :— 


| Total Number Average 


Number of of Equivalent | Revenue per 


Tariff. C | \ 
| “ Considered. | фона | Ser Annam” 
s. d. 
Flat rate by meter at 5d. per unit 37 673 611 | 
Contract rate per lamp, or lump sum 14 368 7 10 | 


pe——— — A — a a ы шы 


These figures are sufficient to show that the average revenue per 
30-watt lamp from the contract supply is 13 per cent. higher than that 
from the flat rate metered supply. 

Similar figures taken over the same period of time for various busi- 
ness premises in the town area show a still greater percentage increase 
in revenuc per lamp connected in favour of the contract supply, as will 
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be seen from the following (under the same headings as the previous 
list) :— 


s d. 
Flat rate by meter at sd. per unit 50 2,308 7 4 
о 


Contract rate per lamp, or lump sum 53 2,789 IO 


Those interested in the study of the past records of undertakings in 
towns such as those that form the subject of this paper will find much 
food for thought in the tables published annually by certain technical 
journals.* The author has made a special study of these tables, and 
from them has compiled figures showing the average results of 26 
municipal undertakings and 25 private companies in towns having a 
population of less than 15,000, and where the annual output from the 
supply station does not exceed 300,000 units. These figures are sum- 
marised in the following table :— 


| 


Working : 
Number | Capital Revenue 


, Costs per Unit 
Undertaking. | of Under-| Expendi-| „Period |Surplus+| "pip | PerUnit | рацо 2 
takings. (ше. Working. | Deficit — Sold Sold. b 


(a) (b) 


8 £. UN %. а. а. Per Cent. 
ЗГЕ 25,143 204 + | 243 | 479 507 
Municipal | ув | 26303, of |29) арса бз 


Private | 21 | 29,903 | 8 3474 | 23 4:06 578 
company 4 | 30,630, 11% |104-- 298 442 674 
| 


тк 
| 


Comment on these results is scarcely necessary. One point to Бе 
observed in the comparison of columns (a) and (b) is that the average 
revenue per unit sold should be not less than twice the working costs 
per unit sold to insure a reasonable profit on the annual working. 

An analysis of these published tables also illustrates the fact that the 
development or growth of the majority of undertakings in small towns 
has been very slow ; particularly is this so with municipal undertakings, 
the average number of consumers per 100 inhabitants with which being 
44 per cent. less than the corresponding average connections with the 
private concerns. 

Further, although 84 per cent. of the private companies show a 
surplus, yet this, after eight years of working, is only, on an average, 
£347 on a capital expenditure of £29,903, or the net profits represent a 
mere 1'2 per cent. on the average capital. Such results do not indicate 

* Electrician, “Tables of Electric Lighting and Power Undertakings,” Table I., 


1911; and Electrical Times, “Tables of Costs and Records," 1900-1910. (Central 
stations without tramway loads.) 
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very satisfactory business, and it seems apparent that, even with the 
more successful of these small undertakings, there is much room for 
improvement. 

Of 51 undertakings in small towns, no less than до use a 3-wire 
system of supply at 460-230 volts (or thereabouts). When these 
plants were first installed the metal filament lamp was unknown, and, 
of course, not even anticipated. Consequently many of those under- 
takings that rely to a great extent upon a lighting load only, now have 
mains installed which are operating at low efficiency as regards ће 
ratio of the present normal load to the full carrying capacity. To 
improve the efficiency of working, a far greater number of consumers 
must be connected to the mains than was originally anticipated. А 
further examination of these tables shows that, with few exceptions, the 
development of a power load has made very little headway, considering 
the number of years these undertakings have been in operation. 

The author’s reasons for reviewing this subject are, first, to demon- 
strate that, under existing conditions, every small supply undertaking, 
if properly managed, can be operated with financial success. Secondly, 
that no direct-current central station is efficiently complete without a 
battery. Thirdly, that the question of distribution warrants the most 
careful preliminary investigations, and that a 3-wire system should be 
adopted only when the area of supply is extensive, and the demand for 
power is comparatively large, and the lengths of feeders are consider- 
able ; otherwise, in the case of the average class of small residential 
towns, the 2-wire system, even if it is more costly to lay down, is to be 
preferred, owing to its simplicity of working, and hence greater 
immunity from breakdown. 


DISCUSSION. 


Mr. W. J. U. SowrER: I have had some experience of a small 
50-B.H.P. Diesel set, and have found it extremely satisfactory. The 
set runs usually some 12 hours a day continuously, and there has never 
been trouble during these working hours. I have heard of continual 
troubles occurring with small suction-gas plants, and, on the whole, I 
should give decided preference to Diesel engines. I am not in favour 
of batteries for small stations, as the upkeep of a battery and its attend- 
ance are against it. I have heard a good deal recently of the Wolf 
locomobile engine, and understand that the makers claim that the fuel 
consumption of this engine is as low as 072 Ib. of coal per B.H.P. per 
hour. If this figure can be substantiated in practice I think we shall 
hear more of this form of prime mover in the near future. As to the 
capital costs of suction-gas plants and Diesel engines, I had occasion 
recently to draw up a scheme for a factory for which 550 k.w. of plant 
was required. I found that the respective capital costs were £45 per 
kilowatt for suction gas and £438 per kilowatt for Diesel engines. I 
quite agree with the author as to a contract tariff for small consumers. 
I also think that supply authorities should have full powers to under- 


1911.) SUPPLY UNDERTAKINGS : DISCUSSION. 251 


take wiring of consumer’s installations, etc. I should like to hear from 
the author whether the figures in the fifth column of the table on 
page 249 are the financial results after paying interest and sinking fund 
charges, because if they are, then I think that for municipal under- 
takings the results are fairly satisfactory. 

Mr. А. E. PORTE: In regard to item 1 on page 238, I agree as to 
plant, but I fail to see where any saving in capital expenditure on 
mains is to be made, because to obtain the necessary number of extra 
consumers to keep up the revenue in spite of the effect of the metal 
lamp, the mains must be extended in every direction over a larger area. 
I have compiled figures from some of the estimates of small stations I 
bave designed, and I find that with suction-gas plants the total capital 
outlay is less than for Diesel plants, but the difference is not very great, 
and certainly not worth considering when the running costs of the 
respective plants are known. I find that with oil at 55s. per ton and 
coal at 30s. per ton there is a considerable saving in working costs in 
favour of Diesel plants. Further, if we consider the facility with 
which oil fuel is stored as compared with the storage of coal, and the 
cleaner and healthier surroundings of Diesel plants, we at once give 
the verdict in favour of the latter. I consider the author's figures for 
annual maintenance of a battery for a small station are too low; I 
think it would be impossible to obtain such a contract. A more prac- 
tical figure is 10 per cent. per annum, and at this figure it certainly 
does not pay to enter into a maintenance contract. I am greatly in 
favour of batteries myself, and think that no small station should be 
without one. A battery, in my opinion, should not cost a penny for 
maintenance during the first five years, and should last, all told, at least 
fifteen years, with proper supervision. As to the small consumer at 
6d. per unit, we can easily compete with gas down to Is. 6d. per 
1,000 cub. ft., but it is quite another matter to compete with paraffin 
oil. The best we can do with electricity at the price mentioned is to 
supply 135 c.p.-hours for 1d. With paraffin oil I calculate that with 
oil at current prices we can get 200 c.p.-hours for 1d. from ordinarv 
paraffin lamps. I think, therefore, it will not prove an easy matter to 
get small consumers to use electric light instead of paraffin lamps. As 
regards tariffs, a very good method which I know has been adopted in 
one or two towns is to charge a fixed annual sum based on the average 
of the three previous years' accounts, plus a minimum rate based on 
running costs only, for a supply of electricity for all uses. 


Mr. С. F. PiLDiTCH : I think the plant of the future for small under- М 


takings will undoubtedly be either gas or oil engines, as their low 
running cost is a generally accepted fact. It is impossible to say 
generally whether batteries should be used or not—each case must be 
decided individually. Regarding the contract system, the cost of 
meters is now very low, and, moreover, we can obtain sufficient 
rental to pay for repairs and capital charges. I should like to know 
how the author proposes to deal with heating and cooking demands 
where the contract system is in use ; double systems of wiring for the 
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two classes of supply are bad. Free wiring is an absolute necessity 
in many cases. The hiring charge, however, should be based on the 
cost of the installation, and not be an extra charge per unit consumed. 

Mr. G. M. Harriss: I think that small stations should adopta single- 
phase alternating supply; it is extremely simple, and the plant and 
mains will be cheaper than a direct-current installation. House wiring 
with earthed concentric systems is also very cheap. As regards the 
3-wire system, I see no difficulties with this, and so far as the balancer 
is concerned this would not be at all necessary for small towns. The 
overhead system of distribution presents difficulties in the running of 
services ; overhead wires, if there are many іп any one street, become 
very unsightly. The author gives figures showing that the average 
revenue per lamp is higher with contracts than it is with metered 
charges, but he makes no distinction as to the time of day the respective 
lights are used, and, in my opinion, this factor makes all the difference 
in the comparison. 

Major C. W. Davy: I have for some time been trying, without 
success, to find a technical book which deals with the subject of small 
central supply installations from start to finish. It seems to me a 
matter of great surprise that there are not more small towns in this 
country where electricity is in general use, and I should very much 
like to learn the reason for such want of local enterprise. Nearly 
every small town in Switzerland and other Continental countries has 
electric light; the mains are generally run overhead, and even the 
humblest dwellings use electricity, the installations being put up ina 
very cheap manner, but efficiently. I must confess that I do not like 
the contract system of charging, as it seems to be unbusinesslike іп 
principle. I am afraid that overhead systems would not be favoured 
in many small towns and villages in the British Isles, because the 
inhabitants pride themselves on the picturesque appearance of their 
villages, and the general effect may be considerably marred by a 
number of poles dotted about carrying overhead wires. 

Mr. W. TaTLow: I am afraid that a low-pressure direct-current 
supply would be comparatively costly for small towns and villages 
where the streets and houses are very scattered. I see nothing to 
prevent a 3-wire 440-volt supply from being run overhead in such 
places, provided the system is installed to comply with the Board of 
Trade Regulations. A high-tension single-phase supply is probably 
the best solution as to the system for small scattered areas, with a 
transformer on each service. I am strongly against the contract 
system of supply; consumers require a great deal of attention to 
ensure that they are not wasting current all day. Prepayment meters 
for small consumers is a far better arrangement than the contract 
system ; gas companies find that slot meters pay very handsomely. 

Mr. S. L. R. Price (communicated): Although the author is to be 
congratulated on the way in which he has gathered together a number 
of very interesting facts and figures in the working out of his subject, 
I am inclined to think that the question of dealing with small local 
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demands for electrical energy will all within the comparatively near Mr. Price. 
future be dealt with from centres by large power schemes. Centralisa- 
tion is the keynote of economy, and the whole. question of electric 
supply must always tend that way. Medium-sized supply undertakings 
in most cases find it hard enough to make ends meet, but in the smaller 
cases—except іп a few favoured instances—the struggle for existence 
must necessarily be severe, and, unless owned by one or two private 
individuals who, being at the same time engineers and business men, 
are willing to run the business themselves, I do not think there would 
be much money to be made by the encouragement of very smail 
installations—except perhaps by contractors. Of course, in cases 
where there is a plentiful supply of water-power the thing may be 
pushed, but these are very insular cases in this country. 

Mr. P. A. SPALDING (in reply): I shall reply to the point raised by з 
Major Davy first, because in so doing I shall at the same time express алады 
опе of the chief reasons for my preparing this paper. Undoubtedly, 
the great want of enterprise on the part of local authorities or private 
investors in small towns is due mainly to the poor reputation earned 
by existing small undertakings. After carefully studying the statistics 
relating to the latter, I have come to the conclusion that, either these 
schemes were designed originally without due regard to local require- 
ments—that the plant and mains laid down were unnecessarily large, 
and consequently the undertakings are now burdened with excessive 
capital charges, out of all proportion with the revenue received ; or, 
assuming this deduction to be incorrect, then these undertakings have 
not been managed efficiently. I mean by this latter statement that the 
commercial side of the undertaking has been neglected. It is only 
during comparatively recent years that efficient and systematic 
businesslike methods have been adopted to develop small under- 
takings. It is now common knowledge that, by properly educating 
the local public by means of exhibitions, show-rooms, lectures, and 
demonstrations of a practical nature, and also by efficient canvassing, 
the sphere of operations of all undertakings adopting such methods 
has been increased considerably ; consequently, financial results are 
improved accordingly. A well-managed publicity department should 
be a permanent part of the organisation of every undertaking in towns 
of a population of 5,000 and over. Iam firmly of the opinion that a 
battery would be advantageous in every way to all small direct-current 
undertakings. In fact, within limits, the smaller the station the more 
urgent is the need of a battery ; because in the case of the very small 
station, if a battery is installed, standby generating plant becomes 
unnecessary until such time as the demand for the supply exceeds the 
capabilities of the first generating unit laid down. It follows, there- 
fore, that as a battery is considerably cheaper than the cost of standby 
plant, a reduction in capital expenditure is effected. I am able to 
quote figures of a case where a battery was installed in conjunction 
with a generating plant of 250-k.w. capacity of Diesel oil engines. 
After the battery had been in use twelve months the station records 


Mr. 
Spalding. 


254 SPALDING : SMALL ELECTRICITY (бес. Tth, 


showed that the oil fuel consumption during the year, per unit sold, 
had decreased 12 per cent., and the annual load factor had increased 
то per cent. As regards small consumers, it does not pay to install 
meters on these premises, however cheap the meters may be ; because, 
in the first place, these consumers will not pay meter rent, and secondly 
for this reason, it follows that the development of the smaller consumer 
class 15 retarded. It has been proved conclusively at Harrogate, 
Eccles, and elsewhere that the contract system pays very well, and if 
this desirable result can be obtained without the cost and trouble of 
meters, why bother about them at all? Mr. Pilditch apparently has 
misread the statement as to a contract supply, for other uses than 
lighting, on small premises. I made no mention of heating and 
cooking, because candidly I think there is little prospect at present 
of this class of consumer adopting electricity for such uses. But the 
workman who has to get up early would find an electric kettle very 
useful, and his wife, no doubt, would greatly appreciate an electric 
iron and a small milk heater. Itis such utensils that should be supplied 
at a contract rate ; no special wiring becomes necessary, as they can 
be supplied from any convenient lampholder. This class of consumer 
would never use such utensils unless the exact cost of so doing is 
known beforehand, The supply authorities should go a step further 
and arrange to hire out these utensils at as nominal a figure as possible. 
It stands to reason that if a workman is asked to pay 12s. down for an 
electric kettle, or an iron, he will naturally look upon them as a luxury 
quite beyond his means. On the other hand, he might easily afford to 
pay, say, 3d. a week for the hire of such utensils. In discussing the 
question of the comparison between suction gas plants and Diesel oil 
engines, Mr. Sowter compares figures for a 550-k.w. plant. In doing 
this, he departs altogether from the limits of my paper. I have com- 
pared individual units of 5o Н.Р. (i.e., total plant capacity of тоо B.H.P.), 
and I still maintain that the suction gas plant is cheaper in first cost 
and is more economical to operate with such small units, unless crude 
oil for Diesel plants can be purchased at low rates compared with the 
cost of coal. With larger units of from 80 to тоо Н.Р. each, the saving 
in first cost with suction gas plants is very much less in proportion ; 
and for units above 100-k.w. capacity the Diesel plant is even cheaper 
in first cost. Hence no hesitation need be felt in adopting the latter for 
comparatively large units. Floor space for plant and the question of 
fuel storage in small towns and villages become items of «secondary 
importance compared with the saving in capital expenditure effected 
by adopting suction gas plant. There will be less capital expenditure 
on mains with new undertakings for the reason that, comparing 
present conditions with those that existed, say, five years ago, and, 
assuming similar areas of supply, the lighting load in reduced. practi- 
cally by one-half, and hence mains of smaller cross-section can now 
be laid to cover an equal number of connections. The only difference 
is, that to increase the connections to bring in a corresponding revenue, 
more services must be run, but this can be effected very cheaply if over- 
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head mains are installed. As regards running a 440-volt 3-wire system 
overhead, even if permission for this can be obtained, and granted that 
it effects considerable saving in copper over a 220-volt 2-wire overhead 
system, yet I contend that the former system with all its troubles and 
complications, should be avoided in all small towns where the load is 
mainly lighting. I am afraid that those who so freely exploit the 3-wire 
system overlook the fact of continual complaints from consumers who 
are affected by bad local balance of the system. Any engineer who 
wishes to develop a good héating and cooking load in residential areas 
will experience endless difficulties in trying to connect such apparatus 
on either side of the neutral to ensure good local balance. This is 
obvious when we consider that an ordinary radiator is equivalent to 
about sixty 16-c.p. metal lamps. However perfect the balance of the 
whole distributing system may be maintained, the local balance at any 
particular part of the system may be very bad. The only reply I can 
give to those who adversely criticise a contract supply to small con- 
sumers is to recommend them to carefully peruse Messrs. Handcock 
and Dykes’ recent paper * on this question, and Mr. G. Wilkinson's 
remarks in the discussion thereon, after which it will be a matter of 
surprise if the opponent’s views are not completely changed. Speaking 
from some years of practical experience I can fully endorse the argu- 
ments put forward in the paper mentioned in favour of the contract 
system. Concerning the unsightly appearance of the services of over- 
head systems referred to by two of the speakers, this can be remedied 
either by arranging with consumers to run services into the backs of 
the houses from a pole suitably fixed and branched off from the main 
run, or alternatively by running an overhead connection to a corner 
wall-bracket secured to the end house of a terrace, and then cleat an 
armoured service cable along the fronts of the houses under the eave- 
shoots. I have not experienced much difficulty in obtaining per- 
mission to install each arrangement. Mr. Porte raised the question of 
competition with paraffin lamps. Now the class of consumer who uses 
such lamps is too ignorant of technicalities to understand such terms 
as candle-power-hours. What really makes the difficulty of getting 
electric light substituted is that the prospective customer is too poor 
to go to the expense of the electric installation. This opens up at once 
the question of frce wiring. I am convinced that if all local authorities 
had powers to carry out free or assisted wiring in the area of supply, a 
large number of paraffin lamp users would be converted, and adopt 
electricity as being unquestionably a cheaper light. If local authorities 
were vested with these powers, there need be no friction occasioned 
thereby with local contractors in the larger of the small towns under 
consideration. The wiring of small installations under free or assisted 
wiring schemes could be carried out by local contractors by special 
arrangement. The local contractor then becomes a valuable asset, 
because he has an interest in common with the local authority in 
canvassing for consumers, and the undertaking thereby develops to 
* Fournal of the Institution of Electrical Engineers, vol. 44, p. 57, 1910. 
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the mutual satisfaction of both parties. Mr. Price apparently is of 
opinion that small areas should be supplied in bulk from large power 
stations. I do not agree. Even assuming that these small areas are 
within a radius of, say, 10 miles of the large power stations, I fail to see 
what economy the local authority in each case effects by taking a 
supply in bulk, unless this can be purchased at not more than 14d. per 
unit. By taking a bulk supply a local authority thereby eliminates the 
necessity of a local generating station and plant, but that is all. The 
distributing system, usually more than one-half the total capital ex- 
penditure of the undertaking, remains the same, and a managing 
engineer and staff also remain a necessity. The local authority save 
the actual generating costs and the proportion of standing charges on 
the station building and plant. With modern plant and a properly 
designed generating station, these two items should not exceed 1}. 
per unit sold for an average small town of a population of about 
10,000. If statistics of towns which are supplied in bulk from a large 
power station are looked up, it will be noticed that with few excep- 
tions these undertakings show a deficit balance on the financial 
working. Mr. Price’s remarks would apply very well, no doubt, to 
conditions which existed five years ago. 
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I. Introduction.—With the high voltages now employed by elec- 
tricians for testing the electric strengths of insulating materials, the 
attracting forces between the electrodes are appreciable, and can be 
readily measured in absolute units. All that is necessary is an ordinary 
balance reading to milligrams and a knowledge of the value of the 
acceleration g produced by the earth’s gravity. When the electrodes 
are spherical and of equal size the attraction between them can in 
certain cases be computed in terms of the potential difference V 
between them and the ratio of the distance between them to the radius 
of either. Equating the computed value to the measured value of the 
attraction, we find at once the value of V in true volts without making 
any electrical measurements. This method can be usefully employed 
for calibrating high-tension voltmeters. 

To extend the usefulness of the method the author has recently 
devised simple approximate formula for the attractive forces, etc., 
between equal spherical conductors. These formulae have been found 
so useful in the testing-room that a classified list of them may prove of 
interest to engineers. 

2. Historical Note.—Sir W. Snow Harris* was the first to make 
accurate measurements of the attraction between two electrified 


* Philosophical Transactions of the Royal Society, 1834, p. 241. 
VoL. 48. 17 
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spheres. When the radius of each was one inch he obtained the 
following results :— 


Distance between centres in inches. 2°3 2°5 28 | 20 


Force in grains weight sus -.| 150 8:25 46 | 35 
| 


the voltage being the same in each case. Now from known formule 
or from Kelvin's tables * it is easy to compute the voltage in all of the 
four experiments. If we find the voltage from the first experiment, we 
may use this value at the other distances to calculate the forces, and 
comparing the results with Harris's, we can gauge the accuracy of his 
experiments. William Thomson t (Lord Kelvin) did this in 1845. 
Unfortunately, however, he makes the assumption that the potential of 
one of the spheres in,Harris's experiments is zero. Judging from the 
type of apparatus used, it seems to me more probable that the poten- 
tials were equal and opposite when the attractions were being weighed. 
Making this assumption, and assuming that g —98r'2, we find from 
the first experiment that— 


Уз X 03462 = 15 X 00648 х 9812, 


where V is the potential difference between the spheres. 
Hence— 
V = 52°48 electrostatic units 
— 15,740 volts. 


Assuming this value for V, the author has computed the value in grains 
weight of the attraction at the other distances. In the following table 
Harriss observed values, the author's computed values, and Kelvin's 
computed values, are given :— 


c in Inches. Wr бө ма baited valde: | бетра Valued 
Кн ке екы | 
2°50 | 8:25 8:25 | 794 
2:80 4°60 4:60 | 418 | 
2700 | 3°50 3°45 | 2 99 


where с is the distance between the centres of the spheres. It will be 
seen that Harris’s measurements are in almost exact agreement with 
the values computed by the author. 


* Thomson, “ Reprint of Papers on Electrostatics and Magnetism,” р. 96. 
t “ Reprint of Papers on Electrostatics and Magnetism,” p. 15 ef seq. 
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Kelvin * attributed the discrepancy between his calculated values and 
Harris's measurements to the neglect of the precautions that have to be 
taken “to avoid the disturbing influence of extraneous conductors.” 
These effects, however, could hardly have produced an error as great as 
14 per cent. in his last measurement. The more probable explanation 
is that the potentials of the spheres were equal and of opposite sign. 
Accepting this, the calculations prove the extreme accuracy of Harris's 
measurements. His experiments, however, instead of throwing doubt { 
on “the views of electricity entertained by the French mathematicians,” 
are a convincing proof of their substantial accuracy. 

The author was also surprised to find that the simple approximate 
theoretical formula which he gives below for the attraction between 
two equal spheres which are at equal and opposite potentials had been 
found experimentally by Harris } in 1834. 

3. The Capacity Coefficients and their Rates of Variation.—Let us 
consider the case of two spherical conductors each of radius a, and let 
c be the distance between their centres. If the charges and potentials 
of the spheres be 4,, qa and v, v, respectively, we have— 


Qi eb vU, + kia V2, and 9. = Ris V2 + [AP Vr, . >» oœ (1) 


where £, ,, kıa are the capacity coefficients of the two spheres. 
It is well known $ that — 


$ = со 
I 

Miren sinh (2s + 1)a ` (2) 

5=0 

апа — 
s = œ 
I 

к Ò ыз ooo 9) 

ӛші 


where sinh a= A/a, and 4А = 0с — 4a’. 
If we denote c/a by у, we readily find that— 


— M S0 ы 
е Ау (ау tah y a 


approximately. 


* “ Reprint of Papers on Electrostatics and Magnetism,” p. 21. 
| W. Snow Harris, “ Rudimentary Electricity,” р. 105, 1848. 
Cf. * Reprint of Papers on Electrostatics and Magnetism,” p. 20. 
§ Cf. Maxwell, “ Electricity and Magnetism,” vol. i., $ 173, p. 251, 188r. 
|| Cf. Proceedings of the Physical Society, vol. 23, p. 358, 1911. 
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Similarly we find that— 


ек CU НОР 
па y t (уу (ут) 2 

ОР, , 2 2 

— "mA —M——— € . . . (6 

дс 93--ау yí(»—2»y (6) 
апа-- 

Ohi. I y +i I 

= = B = ——— —————-. із tee 
дс y—4 у у — 4 у (7) 


Even when the distance between the spheres is по greater than 
their radius the above formulz may be used with a maximum inaccuracy 
of about the hundredth part of 1 per cent. For example, when the 
distance between the spheres is a, у = 3, and we get from the above 
formulz and from Kelvin's tables { the following values :— 


К, la. т" ki, 1а. А. В. | 


Formule ... ...| 1'14621 | 038800 | 0'09300 | 0'06591 


Tables ar -.| 114629 0°38908 0°09299 0706592 | 
m REP. 


— 


For values of c/a less than 3 and greater than 271 we may use Kelvin's 
tables and the tables computed by the author.] The values of the 
variables when c/a lies between 271 and 2 can be found either from the 
tables or from simple formulae. 

5. The Capacities of the Conductors.—Maxwell defines the capacity of 
a conductor as the ratio of its charge to its potential when all neigh- 
bouring conductors are at zero potential. According to this definition, 
therefore, it equals &,,, When the charges on the two spheres аге + 4 
and — q respectively, and V is the potential difference between them, 
then q/V is the capacity K between the spheres, and this is the capacity 
generally considered by electrical engineers. Inthiscase, if v and — v 
be the potentials of each sphere— 


420 = К = (Е,, — Е,.)[2 . .. . . . . (8) 


It will also be found convenient іп practice to define the component 
capacity К” of a conductor when it and all neighbouring conductors 
are at potential v as q/v, where 4 is the charge on the conductor. From 


(1) we have— 
gjv= K =, , + К, , . . . . . . (9) 


* Cf. Proceedings of the Physical Society, vol. 23, р. 358, 1911. 
t " Reprint of Papers оп Electrostatics and Magnetism,” p. 96. 
{ Proceedings of the Royal Society, A. vol. 82, p. 530, 1909. 
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When y is not less than 3 the values of K and K’ can be computed 
by the formulae— 


zc JU T „ур. D 
2 К/а == 7 69 "x" ELLE (10) 
and— 
kas Дак О е. ИРЕ DNE 72 


доға: py у 
For example, we find that when y is 3 :— 


K K'. 
Formule (то) and (11) з igi 0°76760 0'75722 
Kelvin's tables сае ace sal 076765 0'75721 


When c/a, i.e., y, is greater than 8, the very simple formule— 


2K I I I 2 

— = -+-+ -+ - ө Г] e e . 

a ity T y A ya (12) 
and— 

K’ I 1 I 2 

"iniu ge gat e o a © œ (13) 


may be used, the maximum inaccuracy being less than the hundredth 
part of 1 per cent. 

With the same accuracy also the following formulz may be used 
when c/a is not greater than 271 :— 


к= (1+ 4 E) (23186 +18 2-2. +). . + (14) 


and— ‚_ é | E 
K'=a (1 + ©) (05177 — x53) - - PUE 


When c/a is as great as 2'5 the error due to using cither of these 
formulz is only about the tenth part of 1 per cent. Even when cja is 
as great as 3:6 the error due to using (15) is less than 1 per cent. 

We see that when the distance between the spheres is infinitely 
small, К is infinite and K’ equals 069312. As the distance between 
the spheres increases K continually diminishes and K' continually 
increases. Finally when the distance between them is infinite, K 
equals a/2 and K' equals a. 

5. The Charging Current—When two equal spherical electrodes are 
connected by thin wires with the terminals of a transformer or an 
induction coil, we see at once from (1) that — 


дт, 00, 
1. = Ё, : 31 * ^v 
and— қ "Xl: ал) 
. 1% 0, 
a=k, у + А gT 
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where і, and i, are the instantaneous values of the currents in the leads 
to the electrodes. 

The two practical cases are when the middle point of the secondary 
winding is connected with the earth, and when one of the electrodes is 


TABLE OF THE VALUES OF K AND К’. 


y= 2 К/а | K'/a. ә =< Ka K'/a 
27061 4.6647 0'6931 | 26 08552 07340 
2'0,1 470801 0'6931 | 27 08275 0'740I 
2*0,I 275134 06931 2:8 0'8044 0'7460 
20,1 2:9378 06931 | 29 077847 07517 
20,1 236206 0°6932 70 0'7677 0°7572 
2701 177806 0'6942 31 077528 0°7625 
2°02 I'6191 06946 32 0'7396 070677 
2°03 1:5202 0°6954 || 33 07278 077726 
2704 145006 0'6961 34 07172 07774 
2705 13970 о'6968 3°5 0°7076 0°7820 
2°06 123520 06975 ` 36 0'6989 07864 

‚ 2°07 r3171 | 000983 | 37 06909 077907 

2°08 1°28 57 o'6990 ; 38 0:6856 0'7948 
2:09 1:2582 0°6997 39 0°6768 077088 
2°10 U2337 0°7004 |; 4 0'6705 0°8026 
2°15 171413 0'7040 5 06263 0°8345 
2°20 1°0775 0'7075 6 0°6006 08577 ' 
2°25 170201 07117 7 0:5836 08753 
2°30 09911! 0714 8 05712 078801 
2°35 0°9594 0%17 9 0°5626 O'9OOI 
2°40 093206 | 07211 | 10 0°5550 0'9092 
245 0'9095 07245 ^" 100 075051 079901 

I,000 


2'50 0:8892 | 0%277 | ; 0°5005 09990 


connected with the earth. If the potential difference between the 
electrodes be Есіпші, we get, in the first case, that— 


11==1, =w KE coswt 
and therefore— 
A, = A, KV X10 .. . . . . (17) 


where A,, A, are the effective values of the currents in the leads in 
amperes, w is 2 т times the frequency, К is the capacity in microfarads, 
and V is the effective pressure in volts. Similarly we find that in the 
second case— 


and— 


A, = wk, V X 107% 
б 


A = —wk,V X 10% 


For example, let us suppose that the frequency of the alternating 
current is 50 and that the secondary pressure is roo kilovolts. If the 
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radius of each electrode be 10 cm., and the distance between them be 
also 10 cm., we find by (4), (5), and (10) that— 


k,,,== 1'146 X 10/900,000 microfarads 
— k, : = 0'389 X 10/900,000 Ж 
апа- 
К--о”08 x 10/900,000 m 


Hence when the middle point of the secondary winding is earthed— 
A, = A, =0'000268 ampere. 
And when the second electrode is earthed— 


A, = 0'000400 ampere, 
and— 
A, =0'000136  , 


6. The Laws of Altraclion and Repulsion between the Spheres when the 
Potentials are given.When the potentials of the spheres are maintained 
constant, and they alter their positions owing to their mutual electric 
actions, they move in such a way that the electrostatic energy of the 
system is increased by an amount exactly equal to the work done on the 
spheres by the electric forces. If W be the electrostatic energy— 


W Sẹ kni (t + 227) + К, T 
and hence— 


БЕС ДАН І ,2 ,2 т 
p =—;А(@, +22) + Bv, . . . . (19 


If F is negative W increases as c diminishes, and therefore the 
force is attractive. When F is positive the force is repulsive. If 2, 
and v, are of opposite sign the force is always attractive, but when 
they are of the same sign the force can be attractive, zero, or repulsive, 
according to their distance apart. If v, be the smaller potential, then 
the force is zero when— 


Ye (1)! 
P Аз eh Poe aes Әк ж 20) 


The values of т,/г, for zero force have been tabulated by Kelvin from 
yo 21 to y —4. The value when у is outside these limits can be 
readily found from the formulz in this paper. 

In practice the three most important cases are (1) when the poten- 
tials are equal and opposite, (2) when they are equal, and (3) when one 
of them is zero. 

In the first case the force F is attractive, and is given by— 


к=(В+А)#.... ea & & (21) 
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when v and — v are the potentials of the spheres. In the second case 
it is repulsive, and is given by— 


Fz(B—A)w ...:....... (22) 
where the potential of each sphere is v. In the third case we get— 
F SFA 25-52 іт xc (23) 


the force being always attractive. 
From (6) and (7) we get— 


I I (r4 yy 2" +у+ 6б 
Е — -------------- a— ... оны» ------ --- - «әне ы Д.Д а y? 2 
(> — 2 y у“ y? 4 y" ) ( 4) 
; I I (т—у)” 2у* — у +6 ; 
Bec vn uw 2 
апа-- 
F” = M 06 — EM M y? ` e е LJ . % Ф е . 26 
(я —49 I= 77), | (26) 
When y is large we get— 
; u 
LP ee 2 
y mas 2y ( 7) 


the denominator of which is the same as in Harris's formula. In this 
case also F” varies inversely as y3, and therefore inversely * as сз. 
When y is less than 2'оог the author has shown that we have, very 
approximately— 
a 

дыл ЕУ; Rogue 4 or vee x X25) 
and— 

Е’ =0'07386 12 . . .. . . . . (29) 


where the potentials of the spheres are v and — v respectively in the 
first case, and are each v in the second case. 
Writing F — а v and Е = а E 2, the table on page 265 shows 


how the values of a and a' vary with the distance between the spheres. 
We see that for values of c/a greater than то, the formula— 


a? I И 
Е = ce 1— zaj” a ыы. cee 22275 E" (30) 
and— 
(Q9 0 1 | 
-— с? I + 2 a[c vt. . . . . . . e (31) 


give a four-figure accuracy. 


* Cf. Thomson, “ Reprint of Papers оп Electrostatics and Magnetism,” pp. 20, 21. 
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If S be the surface (2 та?) of each of the opposing hemispheres, and 
the distance between them is sufficiently great, we have— 


ач” S(2vy 
poem = Sac а в СЫСЫ deo ж.ж 50 (32) 


the same formula as for the attraction between two parallel plates each 
of area S at a very small distance c apart, and the difference of potential 
between which is 2 v. 


: A “| g a a! 
ен ---| i 

2`061 20 X 10° 0205 . 1:379 0757 

| 2'0,1 20 X 105 0295 | 8 1318 0:784 
| 201 | 20 X Tot 0'295 | 9 1273 o'805 
2'0,I 20 X 103 0:295 | о | 17240 0'824 

| 2'0,I 20 X 10? 0:296 20 UIII 0'909 
| 2701 109 X IO 0:298 30 I'O7I 0'937 
21 207309 0317 | 40 1:053 0952 

| 70 2:860 0'487 | 50 1:042 0'962 
о | I'031 0'603 100 1'020 o'980 
ЕХ» 1'624 0'673 | 1,000 1'002 0'998 
бб 1°472 0°722 | 10,000 1'000 1'000 


7. The Laws of Altraction and Repulsion between the Spheres when the 
Charges are given.—When the charges have values 4, and д, we readily 
find from (1) and (19) that— 


F-—Cqq,—iD(q-4g4)....-..-..-. (33) 
where— 

C = [B (kit kia) + 2A, , Rs, 2] (ki, 1 — А, 2) 
and— 

D = [А (ki + ki, a) +2 ВА, ; k: a] /(ki, ;— Ey. 


When F is negative the force is attractive, and when it is positive the 
force is repulsive. When q, and q, are of opposite signs the force is 
always attractive. But when they are of the same sign it may be 


266 RUSSELL: ATTRACTIONS OR REPULSIONS OF 


attractive, zero, or repulsive. If 4, be the smaller charge, F’ vanishes 
when— 

0 (Б Е ) 

=D Dese 


When q, = — 9. = q, formula (33) gives for the attraction F— 


В-ҒА 


pc Үр и кы ж E. sext 4,105 


and when q, = 4, =q the repulsion F' is given by— 


The formulz may be written— 
=g Č 8 9 
Е = в, апа Е = В са 


When y is greater than 3, 8 and |” сап be computed by the formule— 


ex (у + 1)(3» + 4) 54 50 
and b +» QT? y” T ж y(y— ap ML 
ыы 4 _ 2 IY —4) 54... 50. 48 
ED. y +3 жо c ©” 


For example, when y is 3, we get В = r2129, and | =0°8498 by the 
formula. From Kelvin's tables we find their values given as 1°2134 
and 0:8498 respectively. 

The following table shows how 8 and 8” vary as c increases :— 


E B в". | 5 B | | 
2°0 oo o'615 201 I'56 X IO 0'618 
27061 5°77 X 105 0:615 | 2°10 3°355 0643 
292 2°99 Х 104 0:615 | 3°00 1213 0950 | 
2°O,1 405 X 103 0615 4°00 1:074 0935 
2'0,I 579 X 10? o'615 | 10°00 1°004 0996 
2'0,1 Q'II X IO 0615 | 20°00 1‘OOI 1'000 


It will be seen that 8 апа 0” approach their asymptotic value of unity 
much more rapidly than a and a' do. 
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In using the above formulz it has to be remembered that the elec- 
trostatic units of pressure, quantity, and capacity equal зоо, 1/(3 X то?) 
and r/(9 x 10") times the volt, the coulomb, and the farad respectively. 

To illustrate these formula let us consider the case of two conduct- 
ing spheres, each of radius 1 cm. and at a distance apart of т ст. We 
shall find their charges, their potentials, and their capacities (a) when 
they attract one another with a force of 1 dyne, and (b) when they 
repel one another with a force of 1 dyne. 

(a) Attraclion.—Let д, — 9, and v, — v be the charges and potentials 
‘of the spheres. From the tables given above we get, when the attrac- 
tive force equals 1 dyne— 


I'213 5 =I, and 23860 е i 
Hence— 
q = 27724 electrostatic units 


= 0:908 x 10^? coulombs, 
and— 


v = 1774 electrostatic units 
= 532 volts. 


In this case the capacity K between the spheres is given by— 


K = q/(2 v) =0'go8 x 107?/1,064 farads 
= 07768 electrostatic units, 


which agrees with the number given in the table above. 


(b) Repulsion.—Let q,, 4» and v,, г, be the charges and potentials of 
the spheres in this case. We have— 


4,7 v? 
o'8so0 ^ =1, and о0487-- =1. 
5 9 497 9 


Hence— 
9, = 37255 electrostatic units 
= 1:085 x 109 coulombs, 
and— 
7, = 4225 electrostatic units 
— 1,290 volts. 
Therefore— 


K' = g,/v, = 1:085 x 1079/1,290 farads 
— 0'757 electrostatic units. 


It has to be noticed that the electric strength of the dielectric fixes 
a maximum possible limit to the attractive force between two electrified 
conductors. In the above case if the air were at o? C. and 76 cm. 
pressure a disruptive discharge would take place when the potential 
difference between the spheres was a little less than 32,000 volts. In 
this case the attraction between them is only about 0'92 of the weight 
of a gramme. 
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8. Summary.—In this paper tables and formule are given by means 
of which the capacity between two equal spheres and the component 
capacity of each of them, whatever their distance apart, can be found at 
once. Hence the charging currents to spherical electrodes can also be 
readily found. Very simple formulz which enable the rates of variation 
of the capacity coefficients to be accurately computed when the distance 
between the spheres is not less than the radius of eitherare given. We 
can thus, with the help of other formula previously given by the 
author, determine the numerical values of the attractions and repul- 
sions between equal spherical conductors either when their charges or 
when their potentials are given. Tables are given illustrating the 
magnitude of the errors introduced into Coulomb's law for the attrac- 
tion or repulsion of small electrified conductors by the neglect of the 
magnitude of these conductors. In an historical note it is pointed out 
that Snow Harris made extremely accurate measurements of the elec- 
trostatic attraction between equal spherical conductors in 1834. 
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REPORT ON FIVE SAMPLES OF MAGNETIC 
SHEET MATERIAL TESTED FOR TOTAL 
LOSS AND HYSTERESIS AT THE PHYSI- 
KALISCH - TECHNISCHE REICHSANSTALT, 
THE BUREAU OF STANDARDS, AND THE 
NATIONAL PHYSICAL LABORATORY. 


By ALBERT CAMPBELL, B.A., Associate Member, H. C. H. 
BooTH, and D. W. DYE, B.Sc. 


(FROM THE NATIONAL PHYSICAL LABORATORY.) 


(Paper first received Fune 20, 1911, received in final form August 28, 
1011.) 


As the methods of testing the magnetic properties of iron with 
alternating current are becoming more definite and accurate, it 
appeared desirable to ascertain to what extent the results obtained in 
various laboratories agreed with one another. To this end the 
Physikalisch-Technische Reichsanstalt (P.T.R.) and the Bureau of 
Standards (B.S.) kindly co-operated with us(the N.P.L.) in making tests 
on sets of iron strips which were in some cases identical with one 
another and in other cases were cut from immediately adjacent parts of 
the same sheets. As the actual reports received from the P.T.R. and 
the B.S. are given in Appendices I. and IL, we need not preface the 
combined tabulation of the results by more than a very brief allusion to 
the methods used ; the details of these have already been published 
elsewhere (see Appendix III.). 

The experiments were made on samples of five different materials 
(A, B, C, D, and E) in the form of sheet approximately o'5 mm. thick, 
samples B and D being silicon-iron alloys. The samples were kindly 
provided by Messrs. J. Lysaght, to whom we would here express our 
best thanks. 

The P.T.R. tests were made by the Epstein method using strips 
50 cm. X 3cm., four bundles being formed into a square with butt 
joints; while for the B.S. and the N.P.L. tests the method suggested 
by Lloyd and Fisher was used, in which strips of 254 cm. x 5 cm. were 
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arranged in a square with good magnetic joints at the corners, formed 
by angle-pieces interleaved with the ends of the strips and tightly 
clamped together. The separation of the hysteresis and eddy-current 
losses was made in the P.T.R. and the B.S. by varying the frequency, 
while in the N.P.L. it was done by varying the form factor with a 
constant frequency of ѕЅосх per second. 

As the object was only to compare the methods, all the strips were 
cut in the direction of the grain of the material. As the size of the 
strips used at the B.S. and N.P.L. is the same, strips marked I were 
first tested at the N.P.L. ; they were then sent to the B.S., and on their 
return eight months later were again tested (twice over) by the N.P.L. 
A second series marked 2, adjoining Set 1 in the cutting of the sheets, 
were also tested in the N.P.L. before the return of series r. The strips 
for the P.T.R. were twice the length, and were cut from positions in 
the sheets immediately adjacent to Sets 1 and 2. 

In carrying out the tests of Set 2, it was found that the electrical 
contact which occurred between the strips and the corner pieces where 
they overlapped tended to increase the total loss. For example, when 
the surfaces were very clean, improvement of the contact by increasing 
the pressure of the clamps caused large increase in the eddy-current 
loss, while scarcely affecting the hysteresis. Accordingly, to eliminate 
this source of error, all the samples were retested with very thin paper 
(0°04 mm. thick) between all the joints; all such tests are marked f in 
what follows. In the B.S. tests the overlap was of the order of 2 mm., 
while in those of the N.P.L. it was about 5 mm. Thus the effect of the 
contacts would be considerably accentuated in the latter case. This 
surface contact effect appeared to give rise to serious errors only in 
the case of Sample A. The tests at the P.T.R. were all made with 
Bm. = 10,000, while those at the B.S. and the N.P.L. were made 
both at B44, = 10,000 and 5,000. 


REDUCTION OF RESULTS. 


Іп the various tests two conditions were not quite uniform ; the 
B.S. results refer to a temperature of 25°C., while all the others 
refer to 15°C. In the N.P.L. tests the densities of samples A, 
C, and E were each taken as 7°80, while those of B and D 
were found by experiment to be 762 and 7:60 respectively. The 
densities used by the other two laboratories were slightly different in 
some cases ; these, as well as all the results in the form originally 
received, are given in Table I. In order to obtain a more close com- 
parison between the results, for convenience they have all been 
reduced to 15° C. and to the densities used in the N.P.L. tests. 
For the temperature reductions, a temperature coefficient of o'5 per 
cent. per °C. was used for А, C, and E, and o'r per cent. per 
°C, for B and D. For the density reductions the hysteresis and 
eddy-current losses were taken as proportional to Bis. and Ba. 
respectively, a sufficiently close approximation. The reduced results 
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TABLE I, 


Unreduced Results (as Received). 


Temperatures Density. Total Loss, Hysteresis. 
Sample. 


P.T.R. | B.S. 


At Bmax. = 10,000. 


I'9Io 
C ou 2095 
E. 3°60, 
В. 1°68, 
D. 1°530 

At Baa. = 5,000. 

A. 0°66, 
с. 0735 
Е . 1'24; 
B. 0'55o 
D. 0'49o 

TABLE II. 
Total Loss (reduced Values). 
(Bmax. = 10,000.) 
N.P.L 
Sample. P.T.R B.S 
I 18 Ip. 2 2p de 

A 3:37 | 3413 | 357 | 344 | 3°430 | 37525 | 3°360 — 

C 3°41 | 3°42, | 3:46; | 3749: | 348 | 3743 | 339» 37426 
Е 5701 5:19, | 515 | 525 | 522 |511 | 505 == 
в 2°02, | 2°05, | 2°10 | 2°06, | 2°08, | 2°07, | 2706; 2°05 
D 1°933 | 1°933 | 1°98 | 1°950 | 1938 | 1:96; | 1°95, == 


oe —— —  H— 
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are given in Tables II., IIL, IV., and V. 
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marks have the following meaning :— 


I. 


Original tests on (1). 


1a. Tests after return from America. 
I р. Tests after return from America with paper in joints. 


2. 


Tests in 1911 on neighbouring samples to (1). 


2p. Same as 2, but with paper in joints. 


In the N.P.L. results the 


The losses are expressed in watts per kilogram at со cycles per 
second with secondary induced voltage of sine wave-form. 


со шш O > 


TABLE III. 
Hysteresis Loss (reduced Values). 


(Bmax. = 10,000.) 


P.T.R. | B.S. 
1790; 1:80 | 1°98 | 170% | 2702; | 19% | 1:94; 


2°03, | 2°05, | 208 | 2°12, | 215 | 209 


351: | 35% | 3°50 7 3°64 | 3°69 |338 |351 
1°63, | 1°65, | 1°68 | 1:65, | 1°68; | 1:645 | 1°65, 


1°50 1°51, | 1:56 | 1556, | 1°505 | 1°553 | 1:55: 


TABLE IV. 
Tolal Loss (reduced Values). 


(Ba, = 5,000.) 


Sample, 


B.S. 


1'03% | 1710; | 194, | 1°03, | 17070 17020 
I'04; | 1°04, | 1°06, | 1°04, | 1°03, | 1°038 
1°68, | 1:66; ! 168; | 1°67, | 1°66g | 163, | 
| 


0°650 


0*609 


0:643 | 0:652 | о650 | 0°645 | 0:649 
0°604 | 0:613 | о°бїт | 0°602 | 0°614 


n „ә—————  — ———_——.———————————————-——-——-—-— ЕЕН, 
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In Tables VI., VII., VIII., and IX. are given the percentage 
differences from Series 2); it appeared that this set, not being far 
from the general mean, was the best with which to compare all the 
others, 


TABLE V. 
Hysteresis Loss (reduced Values). 


(Bmax. = 5,000.) 


N.P.L. 
Sample. B.S. | = 
1 | 1а 1 f. | 2 2p | Tard. 
oo 6 | 
A 0°655 | 0727 | 0°700 | 0710 | 0723 | 0°723 | -- 
С 0:723 | 0730 : 0:767 | 0765 | 07750 | 0°750 | 0:736 
E 1:24: | 1723; | 1:25, | 17276 . 1724 | 1°25, -- 
В 0543 | 0553 | 0545 | 0549 , 0544 | 07550 2 
D 0'485 | 07497 | 0'500 | 0'496 | O'SOI | 07497 с 


TABLE VI. 
Total Loss (reduced Values). 


(Bmax. = 10,000.) 


Percentage difference from N.P.L., 2 f. 


| 
С . | +06 | +10 | +22 | 429 | +27 | 412 | oo}; +го 
E T bare -08 | 428! +20 | +40 | +34 | 4r2;o00 — 
Б. 34 . -ZI | -o4 +17 oo | +09 -Боб | 00 | —07 
D 2. is | -rI | -ri | +13 | -02| -о08 | +0°6 | оо -- 
| | | 
Mean we | —06 | +08 | 27 | T18| +17 | 41017 оо — 
Mean e. | —707 | +06: +18 | +17 | 415, 409,00 — 
(excluding A) 


VoL. 48, 18 
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The numbers in the column marked “2 Interleaved " refer to tests 
described below (after Remarks on Results). 


REMARKS ON RESULTS. 


If it be remembered that the probable limits of error are about 
+ 1 per cent. for total loss and about + 2 per cent. for hysteresis loss, 
the agreement between the various means is quite satisfactory. 

Some of the tests on sample A gave abnormal results. This material 
was of very high conductivity, and the strips when in the unoxidised 


TABLE VII. 


Hysteresis Loss (reduced Values). 
(Bmax. == 10,000.) 


Percentage difference from N.P.L., 2). 


N.P.L. 


Sample. P.T.R. B.S. 
2 Inter- 
“| leaved. 


BY cu e| —12| +05 | $18 оо | 420; -о2| œo | —14 


-33 | -2'5 | +05 | +08 | -30 -01| оо -- 


———(|-—— — - - 


Меап æ. | -II oo | r4 | +271 | +24 со | оо — 


Mean | —07 | +06 | +13 | +23 | +r9 оо | оо 
(excluding A) 


condition showed, in the N.P.L. tests, considerably lower loss when 
paper was inserted in the joints. As has been already mentioned, this 
effect was found to be due to the increase in eddy-current loss due to 
the good electrical contacts when the clean metal surfaces overlapped 
at the joints. In А(1 а) the strips showed considerable oxidation which 
had not Бесп present in the original tests A (1) before sending to 
America. This oxidation no doubt accounts for the fact that A (1a) 
gave results very similar to the B.S. tests and that the insertion of 
paper made comparatively little difference. On account of these 
abnormal values in sample A, a line has been added to the percentage 
tables giving the means excluding A. 
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TABLE VIII. 
Total Loss (reduced Values). 
(Bai == 5,ООО.) 
Percentage difference from N.P.L., 2). 


N.P.L. 
Sample. B.S. 


2 Inter- 


I. I a. 1 f. 2. 2). leaved. 


+04 | ri 4275 | +09 | +01 оо —O'I 


— —— — | ——— —— | —————— | - L——————[j——————1-—————— 


Mean si 4 | +06 | 124 | +16 | +го | +14 | оо — 


Mean ya | Бо | +09 | +14 | +08 | +07 | оо — 
(excluding A) 


TABLE IX. 
Hysteresis Loss (reduced Values). 
(Bmax. = 5,000. ) 
Percentage difference from N.P.L., 2 f. 
N.P.L 
Sample. B.S. 1 сее 
ie ашр | 2 | ар | беа, 
A --094 | —0°5 | —3°1 | —r8 oo| оо -- 
С --36 |--27 | +273 | +2°0 оо | оо --1% 
Е —0'6 | —r2| +0°3 | +2°0 | —04| o'o == 
В —1°3 | +0°5 | --01 —о2|—гї| oo -- 
D —2'4 оо | +o°1 | —0°2 | +0°8 | oo - 
Меап -351-908|--от -Ео4|-о1| oo -- 
Меап —2'0 | --07 |--о06 | -Fo'9 | —o2| oo — 
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We may here mention that in 1909 some experiments were made in 
the N.P.L. to compare the results given by the Lloyd-Fisher square 
with those given by rings. When the effects of cutting were avoided 
by using hard-rolled material, the square and the ring gave identical 
results. This material, of course, showed very high hysteresis loss with 
relatively small eddy-current loss, and hence is not quite representative 
of good commercial samples. 


TESTS WITH INTERLEAVED SQUARE. 

Since the above tests were made, Mr. L. W. Wild * has published the 
results of some experiments in which the same strips were tested for 
total loss when assembled in a square (a) with corner pieces after Lloyd 
and Fisher, (6) with interleaved (imbricated) corners as used originally 
by Searle and others. With silicon iron (Stalloy) his results gave dis- 
crepancies between the two methods of the order of ro per cent. In 
order to test this point we carried out tests on samples C2 and B2, 
interleaving the strips without any corner pieces (but with paper 
between) in exactly the same manner as case (b) above mentioned. 
The results are given in the last columns of Tables II. to IX., and it will 
be seen that in no case do they differ by more than 1 per cent. from 
Set 2) tested with corner-pieces. А similar comparison made with 
sample С 2 (silicon iron) at Bmax. = 15,000 showed practical agreement 
between the square with corner-pieces and one with interleaved ends. 

In conclusion, we would express our best thanks to the Physikalisch- 
Technische Reichsanstalt and the Bureau of Standards for their kind 
collaboration in the work. 


APPENDIX I. 


ExTRACT FROM THE REPORT OF THE PHYSIKALISCH-TECHNISCHE 
REICHSANSTALT, CHARLOTTENBURG, OCTOBER I5, I9IO. 


(At P.T.R. II. 6,406.) 


The five samples of cut iron sheets sent to the Reichsanstalt with 
the letter of July 4, 1910,1 were tested by the wattmeter method with 
the Epstein apparatus at a flux density of B — 10,000, the power loss 
being measured for frequencies of 20, 25, 30, 35, 40, 45, and бо ^w 
per second, which enabled the total loss to be separated into hysteresis 
and eddy-current losses in the well-known way. 

The wattmeter, voltmeter, and ammeter used were Siemens and 
Halske instruments with pointers; the frequency was determined by 
means of a Hartmann and Braun frequency meter, and the temperature 
was measured bya set of four copper-constantan thermo-couples, one 
junction of each being clamped between the sheets of each test bundle, 
while the other junctions were kept at a temperature of o° C. The 
"values of the resistance temperature coefficient was taken as 0°45 


* Fournal of the Institution of Electrical Engineers, vol. 46, p. 217, 1911. 
t This letter was from the N.P.L. and contained the results of the first series of 
tests. 
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per cent. per ° C. for the ordinary material, and o'1 per cent. per? C. 
for the alloyed sheets. 

The Epstein apparatus was provided with a special secondary 
winding. 

The alternating current used was approximately of sine wave-form ; 
the results were corrected to exact sine wave-form by calculation. The 
density 7:80 was taken tor samples 655 A, 657 C, and 663 E, in accordance 
with information from the N.P.L. ; the densities of samples 659 B and 
661 D were found, by weighing in water, to be 7:58 and 7°57 respec- 
tively. 

The uncertainty of measurement of the total loss at the Reichsanstalt 
is estimated at about 1 per cent., while in the values for the hysteresis 
loss errors up to 2 per cent. are not out of the question. 

(The results are given in Table I.) 


APPENDIX II. : 


DEPARTMENT OF COMMERCE AND LABOUR. 
Bureau of Slandards, Washinglon. 


Report on the alternating-magnetisation losses of five samples of sheet 
material used in an intercomparison with the National Physical 
Laboratory. 


Alternatin g-magnetisation Losses 
(Watts per Kilogram). 
Specific 


Sample. Mass. | Gravity.| Bmax, | Frequency. 
Total. |Hysteresis. on 
654 A... | 1473 | 7°76 | 5,000 25 0°42, 0'33o 0'09, 
50 1303. 0°66, 0°37 
10,000 25 1°32, 0'95; 0'36; 
50 3:37. | Г9І | 1°46. 
656 С... | 1532 | 772 5,000 25 0:44; 0°36, 0'07s 
50 гоч; 07735 07316 
10,000 25 1'378 1704; 0333 


. 5° 37420 2:09 17330 

658 В... | 1494 | 756 | 5,000 25 0°30, 0:27; 0702; 
50 0:65, 0°550 O'IO, 

10,000 25 оо 0'84, 0710 
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The samples were tested in the form of a Lloyd square, and the 
losses separated as indicated in our Bulletin, vol. 5, No. 4, p. 468. 
The losses were determined with approximately a sine wave of 
magnetisation and at a temperature of 25° C. 
(Signed) W. F. HILLEBRAND, 
WASHINGTON, D.C. Acting Director. 


Fanuary 9, 1911. 


APPENDIX III. 


The following are references to papers in which will be found 
full descriptions of the methods of test already mentioned as used in 
the three laboratories concerned :— 

Gumlich and Rose, Efekirotechnische Zeitschrift, vol. 26, p. 403, 
I9OS. 

Lloyd and Fisher, Bulletin of the Bureau of Standards, vol. 5, 
P: 453, 1909. 

A. Campbell, Proceedings of the Institution of Electricat Engineers, 
vol. 43, р. 553, 1909. 


REMARKS ON THE METHODS. 
For the sake of those readers who are not familiar with the methods 
we add a few explanatory remarks. 
(a) In all the methods the magnetic circuit consisted of four bundles 
of strips assembled into a square with joints at the corners. In the 
P.T.R. tests these were butt joints between 


the respective bundles ; in the B.S. and N.P.L. 

tests the bundles set up edgewise were clamped 

together at the corners with interleaved corner 

— PA pieces as shown in Fig. r, a system which 
| shows experimentally very small magnetic 


. leakage ; in the tests marked “ 2 Interleaved,” 
which are only given for purposes of com- 


parison, the strips lay horizontally and were 

interleaved at the corners (imbricated). The 

FIG. I. relative dimensions of the various squares with 
respect to inner and outer periphery are shown 

in Fig. 2, X, Y,and Zrespectively. As the magnetising turns were spaced 
evenly over the four limbs, the ratio of inner to outer periphery gives 
approximately the ratio of the maximum and minimum values of H 
applied to the iron. These ratios were approximately as follows :— 


TABLE X. 
Inner H 
Square — kis Si "' Outer H 
P.T.R. 4% si did же di: 
B.S. : 
N.P.L. | к 


Interleaved ... xx vus Eu 
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In all the tests the energy losses in the material were measured 
by means of a wattmeter, the magnetisation being effected by alter- 
nating current. In the Р.Т.К. and the B.S. tests the Bux, was kept 
constant and of sine wave-form, and observations were made for 
various values of the frequency n. It is found that, over a considerable 


Epstein. P.T.R. 


LLoypa Fisher B3.AN.PL. E NEN 


INTERLEAVED. 
Ке Seay ae Te некен екы 
о 10 20 cms 20 40 50 
FIG. 2 


range of frequency, w,, the watts per kilogramme рег cycle is given 
very nearly by the equation— 

w,=at bn, 
and the total loss at frequency n— 


=an + bm. 
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In separating the losses it has been assumed that ал represents the 
hysteresis and 6 n? the eddy currents. 

In the N.P.L. experiments in general n was kept constant at 50 MO 
per second, the mean value of the secondary induced voltage being also 
set to a constant amount. The form factor f of this voltage was varied 
within wide limits, being measured for each reading of the power lost. 
It was found that in this case the values of w, were in general given 
approximately by the equation— 


w, za + с/?, 
and thus— 
nw,=a'n+cnf?. 


For the separation of the losses, a’ n was taken as the hysteresis and 
c n f? the eddy-current loss. 


TABLE XI. 


Hysteresis Loss in Watts per Kilo- 
gram at 50 MO per Second. 


Sample. Bmax. ез зы у Sees cae 
Ballistic Method. | Alternating: 
Ат... T 5,000 071, 0°68, — 41 
10,000 1:98 1701; — 34 
CT ius 5,000 O'7 16 0736 + 27 
10,000 2°06 27036 + 12 
Ed ves 5,000 1°23, 172.16 -- 09 
10,000 3515 37506 t3 
B 1 5,000 055; 07546 — 16 
10,000 1770, 1°64, — 33 
Dica vus 5,000 | 049; 0°48, --25 
10,000 1°54, 1:52; --гГ4 | 
| 


————— —— ------------ 


The fair agreement between the results of the two methods of 
separation (with similar squares, B.S. and N.P.L.) shows that a 2a' 
and bn —cf*, which is in agreement with the elementary theory. 

At the N.P.L. the squares were also tested for hysteresis loss (n = о”) 
by the ballistic method. The results are given in the second column 
of Table XI., while in the third column are given the means of the 
alternating-current values obtained at the three laboratories (or in the 
case of Ву = 5,000 at the B.S. and N.P.L. 24). It will be noticed 
that the differences are in no case large. 


ELECTRICAL OuUTB REAKS. 


‘KYL-FYRE,” THE Fire Extinguisher 


Acknowledged by experts to be UNSURPASSED for all Electrical 
Outbreaks, and, being a NON-CONDUCTOR, it can be used with 
perfect safety on a high voltage. 

Will not damage Wires or Cables. Contains no Grit or Acids. 

For Protecting SWITCHBOARDS it has proved its Efficiency and 
Cleanliness in use. 

Has been supplied to L. B. & S. C., Great Eastern, Great Central, 
and North Eastern Railways, Manchester Corporation, City of 
Birmingham, Newcastle-on-Tyne Electric Supply Co., South Metro- 
politan Electricity Works, &c., &c. 


(Сору.1 ELECTRICITY WORKS, 
Sept. 12, 1910. TORQUAY. 
DEAR бін5,--І am to-day returning to your address, per parcel post, one of the 
“ EYL-FYRE" tubes to be refilled free of charge. The contents, used to-day on our 
switchboard, enabled us to cope with what might have proved to be a very serious fire. 
Yours faithfully, 
(Signed) Снав. W. SALT, 
Messrs. Kyl-Fyre, Ltd, Borough Electrical Engineer and Manager. 


Price only 5s. each. 
Particulars from 


“KYL-FYRE,” Limited. Registered Office, EASTBOURNE. 
7, Mark Lane, LONDON, Е.С. 92, Market Street, MANCHESTER. 
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Proceedings of the Five Hundred and T wenty-seventh 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held on Thursday, 
23rd November, 1911—Mr. W. DupbbELL, F.R.S., 
Vice-President, in the chair. 


The minutes of the Ordinary General Meeting, held on gth November, 
I9II, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Hall. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 


Francis Valentine T. Lee. Gilbert Rosenbusch. 
-. Sydney Louis R. Price. Bernhard Wiesengrund. 
Dr. Mario de Andrade Gottlieb Wuthrich. 
Ramos. | 


From the class of Associates to that of Members— 


Alfred S. Hampton, | Drogo Montagu. 
VoL. 48. 19 
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From the class of Associates to that of Associate Members— 


Harold Ashton. Harry Melville Dowsett. 
Colin M. Campbell. Alfred Smyth. 


From the class of Students to that of Associate Members. 


Montague Butler Bean. ' Herbert К. Hudson. 
James Bowman. Walter R. Mickelwright. 
Vyvyan О. I. Davis. Norman Miller. 

Oscar Faber. ı Thomas Geo. Partridge. 
Ronald Grierson. | Elias Z. y Roxas. 

Lewis William Hipwell. | Herbert G. Weaver. 
Franklin T. Homan. ^ . Percy D. Webb. 


Joseph S. Westerdale. 


The CHAIRMAN: I have to announce that immediately after the 
recess the Council addressed a letter to the Home Office in reference 
to some of the provisions of the Coal Mines Bill now before Parliament, 
and further offered, if agreeable to the Home Secretary, to appoint a 
deputation to wait on him and give any explanation which might be 
required on the points raised in the Councils letter. The Home 
Secretary invited the Council to appoint a deputation, and it was 
arranged that the Council's representatives should wait on Mr. | 
Masterman, the Under Secretary of State for Home Affairs, this 
morning at noon, but owing to an alteration in the Parliamentary 
procedure in connection with this Bill, Mr. Masterman wrote yesterday 
that he was unable to receive the deputation, and it has accordingly 
been postponed indefinitely. 

The following paper, “ Automatic Reversible Battery Boosters,” by 
R. Rankin, Associate Member (see page 283), was read and discussed, 
and the meeting adjourned at 9.55 p.m. 
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AUTOMATIC REVERSIBLE BATTERY BOOSTERS. 


By R. RANKIN, B.Sc., Associate Member. 


(Paper received 19th October, 1911 ; read before the INSTITUTION 23rd Novem- 
ber, 1911, before the MANCHESTER LOCAL SECTION 28th November, 19011, 
before the SCOTTISH LOCAL SECTION gli Sanuary, 1912, and before the 
BIRMINGHAM LOCAL SECTION 14th February, 1912.) 
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SUMMARY. 


A brief mention is made of the object and scope of the paper, and 
this is followed by a short account of the uses and advantages of 
battery-booster plant, and the savings likely to be effected by its 


employment. 


Boosters are classified in three leading divisions, (A), (B), and (C). 
Under Class (A) are described the plain differential, Pirani, Crompton 


284 RANKIN: AUTOMATIC REVERSIBLE [23га Nov., 


and Lancashire systems, with a discussion of their prominent features. 
Those described under Class (B) are the Highfield and E.C.C. systems. 

A short discussion follows of the effect of main generator com- 
pounding, the action of line diverters, and of some causes of inaccurate 
working of diverter boosters in general. 

The advantages of boosters controlled by external regulators over 
those of the diverter type, and the leading principle of their operation, 
are briefly mentioned. Such boosters belong to the next class (C), 
and those described are Entz, B.T.H., Taylor-Scotson, Tilney, Thury, 
апа Brown-Boveri, while the systems of Lincoln and Bijur are also 
referred to. Rate of rise of field flux is dealt with, and the practical 
necessity of the provision of a checking control on quick-acting booster 
regulators. 

Some methods of using battery-booster plant are then considered 
more fully, and several methods of adapting such plant to the control 
of winding gear are described. 

The question of the employment of batteries on alternating-current 
systems is next treated, and some of the necessary plant described 
including regulator solenoids, the split-pole converter, and a special 
form of automatic exciter responsive to variations in alternating-current 
generator load. 

Some figures are given relating to the plant at the Gary Steel Works, 
Indiana, U.S.A., and a short description is given of the Hucknall 
Colliery plant. 

Practical results obtained by different boosters are given, and a 
short summary of conclusions finishes the paper. 


OBJECT AND SCOPE OF PAPER. 


Of automatic reversible battery boosters there are a great many 
types, each having its own special features, and it is the object of this 
paper to describe the principles underlying their operation, and so to 
compare them as to give engineers in general who are interested in the 
subject a means of settling which type is the most suitable under given 
conditions. The study of the essentials of the theories of the various 
schemes, as described in the paper, and the description of the means 
adopted to operate the machines in accordance with theory, should 
give an engineer a good idea as to whether the means employed are 
likely to lead to the ends sought, and the tables and charts of practical 
results obtained from the different classes of boosters show what may 

be expected from employment of systems of the various classes. 


OUTLINE OF USES AND ADVANTAGES OF BATTERY-BOOSTER PLANTS. 


The important place which the secondary battery now occupies in 
the minds of central station and other engineers is indicated by the 
number of papers written on the subject both in this country and in 
others. Another indication is the number of battery and booster 
schemes advertised in the contract columns of the technical press, but, 
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besides those, there are, of course, many installations of this sort carried 
out without any advertisement. When it is considered that a saving 
in coal consumption of between 20 per cent. and 30 per cent. can be 
obtained through the installation of a battery and booster plant, in 
cases where the load is of a very highly fluctuating nature, and, say, 
IO to 15 per cent. by the provision of a reliable automatic booster in 
cases where a battery is already installed without a booster, it will be 
seen that an exceedingly good case can be made out for this type of 
plant. The percentage savings given above are not at all exaggerated, 
but are results obtained in actual practice. 

In order to obtain the maximum economy the battery-booster plant 
should equalise on the total load of the system on which it is installed. 
This, of course, it cannot usually do in the ordinary corporation elec- 
tricity station where the 3-wire general supply system with earthed 
neutral has to be kept separate from the traction system with its rail 
return, but, even when equalisation is only carried out on the traction 
load, which is supplied by separate main generators, striking results 
can be obtained. They become more marked when the traction and 
general supply systems can be supplied from one set of generators, 
being connected by a link in the form of a motor-generator. For 
example, the mean traction load in a generating station may be taken 
by a suitable motor-gencrator, the motor being supplied from the 
outers of the 3-wire general supply system, and the generator being 
relieved of the traction peaks and dips by the battery and booster. 
With a booster which can be depended on as being practically instantly 
reversible the load on the motor-generator may be maintained almost 
constant, and the voltage of the 3-wire system remain unaffected by 
the power taken by the motor. Such an arrangement as this can very 
often be made the means of keeping the generating plant of a station 
working at a point of efficiency unattainable in any other way. It is, 
however, in the case of a works generating its own electricity for 
lighting, and for a very highly fluctuating power load, that the economy 
shown by a battery-booster plant attains its maximum. Economy is 
shown, not only in coal consumption, but in the cost of upkeep and 
repairs both of generating plant and lamps. 

The disastrous effect of bad voltage on electric lighting needs no 
emphasising here. When it is considered that, in the case of carbon 
and metallic filament incandescent lamps, the candle-power varies 
approximately as the 6th and 44th power of the applied voltage respec- 
tively, it is readily seen that an ill-regulated voltage is fatal to satisfac- 
tory illumination and leads to short lamp lives, and that a good, steady 
voltage is practically a necessity. The writer knows of a large works 
in which the power to drive all machinery is generated by gas-driven 
generators, and yet the lighting is done by oil and gas. Previously 
electric light was employed, but it was given up as being unsatisfactory, 
both on account of the poor and variable illumination and the cost of 
upkeep. Ап inspection of the switchboard voltmeter immediately 
showed what all the trouble was due to, and this is a case where the 
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installation of a buffer battery with a reliable booster would un- 
doubtedly give most satisfactory results. The owner of the place 
considers that electric light is inferior to gas or oil lamps fitted with 
suitable mantles, whereas the fact is that the electric light never really 
had a proper chance. 

It may not appear, at first sight, that there is a great deal in having 
a little more or alittle less illumination, but there can be little doubt that 
proper steady illumination in a workshop makes for greater efficiency 
and greater output. When each man can see at one glance what, with 
а slightly worse light, he might have to walk round and look for, the 
saving in time may come to be considerable, and, in addition to this, 
the general good effect on workmen of working under satisfactory con- 
ditions is a thing which very often does not receive the consideration 
it deserves. 

The advantages of a battery as a standby need not be enlarged 
upon, as they are pretty generally recognised. This does not always 
mean that a battery should be large enough entirely to take the place 
of the generating plant for even a comparatively short period in the 
event of a breakdown, although this may sometimes be desirable, but, 
should the generating plant fail, the presence of a battery ensures at 
least that a light will be available. 

The writer has had practical experience of cases where a battery 
has proved of immense advantage under such circumstances in pre- 
venting the stopping of important processes during temporary failure 
of the main supply. Especially where gas-driven generating plant is 
installed the certainty of a standby of this sort is of great importance. 
Light loads at meal hours and week-ends can often be handled by a 
battery, when, otherwise, the generating plant would be kept running 
very inefficiently. 

Now that the lead-plate accumulator has proved itself to be a 
thoroughly reliable article, and makers are prepared to maintain it at 
Ioo per cent. of its rated capacity for a long period and for a reason- 
able sum, the question of type of battery can usually be settled without 
much trepidation on the buyer's part, but the provision of a thoroughly 
reliable booster to work with the battery is very important. No matter 
how inherently good the battery itself may be, if it is not made to work 
properly by the booster, advantage cannot be taken of its good 
qualities. In fact, seeing that the accumulators made by the leading 
makers have now attained such a high standard of excellence, the 
question practically hinges on the booster, the success of this being the 
factor determining the success of the whole installation. 


CLASSIFICATION OF BOOSTERS, 
Broadly speaking, the boosters in use in this country belong to one 
of three classes :— 
(A) Those in which the booster can be self-contained and 
operated by its own field windings independently of any 
outside controller. 
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(B) Those in which a so-called exciter is an absdlute necessity, 
not merely for exciting purposes, but being an essential 
in the theory of the system. 

(C) Those in which an external automatic regulator is used on 
the booster field, either directly or through an exciter, the 
latter not being an essential in the theory of the scheme. 


CLass (A). 


Differential Booster—The simplest type in this class is the simple 
differentially wound machine shown in Fig 1. In this case a coil A, 
carrying a portion of the total load current, and giving a booster 
voltage in the discharge direction, acts in opposition to a coil B, 
excited from the busbar voltage, and giving a field tending to produce 


C 


Fic. r.— Plain Differential Booster. 


a charge boost. The busbar voltage being assumed constant, the 
effect of coil B will be constant and definite for a definite adjustment 
of its regulator. The effect of coil A will just balance that of coil B 
when the line current has some definite value. Тһе battery being 
assumed in a floating condition—that is, ‘its voltage, with no current 
flowing into or out of it, being just equal to the busbar voltage—it is 
evident that the battery will be idle and the generator will supply the 
load when the effects of coils A and B just balance each other. An 
increase of load past the definite value required to make A balance 
B will cause A to overpower B, and a resultant booster voltage in the 
discharge direction will be produced. The battery will accordingly 
come to the assistance of the generating plant, and will give a discharge 
current of such a value that the total drop of voltage due to it, in the 
battery-booster portion of the plant, wi!l just equal the voltage produced 
by the excess of the effect of A over that of B. With ideal working 
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and the divertes С properly proportioned, the discharge current would 
be practically equal to the excess of line current over that at which 
A and B were just balanced. A decrease in line current would have 


С 


Fic. 2.—Pirani Booster. 


an exactly opposite effect, B overcoming A, and the battery charging 
by an amount practically equal to the drop in line current. 
The battery being continually on the charge or discharge, its 


С 


FIG. 3.—Crompton Booster. 


E.M.F. will not remain at the floating value, but will vary considerably, 
as also will its resistance. For this, in the scheme under consideration, 
thee is no compensation, and although the line current has such a 


1911. ] BATTERY BOOSTERS. 289 


value that A just balances B, the battery may be discharging or 
charging, depending on whether its voltage is above or below the 
floating value. Owing to the battery resistance being variable, with a 
low state of the battery the same charge and discharge will not be 
obtained with a given variation in line current, as was obtained when 
the battery was іп a floating condition. А similar remark applies when 
the battery is ina higher state of charge than that represented by the 
floating condition. 

This action renders it impossible to obtain good regulation of the 
load on the main generating plant, and various methods are employed 
for the purpose of compensating automatically for the varying state 
of the battery. One method is illustrated in Fig. 3, which shows the 
skeleton diagram of the Crompton booster, but before this is described 
the Pirani system shown in skeleton diagram in Fig. 2 will be 
considered. 

Pirani Booster.—As indicated in the figure, the shunt coil B is, in 
the Pirani system, connected across the battery. It was explained in the 
case of the simple differential booster that connection across the line 
voltage, which snould be approximately constant, does not permit of 
the battery being charged and discharged in such a way as to keep the 
generator load constant, the varying state of the battery tending to 
check both charge and discharge. Thedifferential booster is, however, 
quite stable in its action. The connecting of the shunt coil across the 
battery in the case of the Pirani booster certainly gets over the above- 
mentioned difficulty, but it introduces another trouble, which is quite 
as bad as the one eliminated, viz., that the action is unstable, and the 
battery tends to over-charge and over-discharge. That this is so 
is evident from the following consideration of the operation of the 
booster :— 

For a given line current the shunt coil may be adjusted to balance 
the diverter coil. At this line current the battery should be idle, and 
the generator current equal to the line current. Assume that the 
line current rises, then :— 


Diverter boost rises, 

Battery discharges, 

Battery potential difference falls, 
Shunt current falls, 

Discharge boost further increases, 


and soon. There is nothing to limit this action and the battery tends 
to take the whole load off the generator. That is to say, there is 
nothing to compensate for the state of the battery. Now, when the 
line current falls, the battery (due to its having been discharging) will 
have a lower potential difference than at first, and hence the generator 
current which will just balance the shunt current must have a less 
value than the original. Hence the generator current has no definite 
value. 
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Assume that the line current falls, then :— 


Diverter boost decreases, 
Battery charges, 

Battery potential difference rises, 
Shunt boost rises, 

Battery charges still more. 


Again there is no limit to this action, and the generator may be 
heavily overloaded, or the battery injured through getting too great 
a charge. When the line current rises again it will take a greater 
generator current to balance the shunt coil boost than at first since, 
duc to the charging, the battery voltage will be higher than before. 
Hence the action is indeterminate, and the value of the generator 


е 
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Fic. 4.—Modified Pirani Booster. 


current very unstable, since there is no means of compensating for the 
varying state of the battery. 

To limit the action described in the foregoing—for it cannot be 
eliminated—a valve, for example an iron-aluminium cell, is sometimes 
used, connected in the manner indicated in Fig. 4. B, and B, are iron- 
aluminium cells each connected in parallel with a resistance, the whole 
being in series with the booster shunt coil. Current can only flow 
through the cells in one direction, and, when it is flowing in the other 
direction, it is reduced by being forced to flow through the resistance in 
parallel with the cell. 

To get a charging voltage, for example, the exciting field current 
would flow, say, through R,, past B,, through the booster field coils, and 
through B, The resistance R, would damp the current in this case ; 
with the current flowing in the opposite direction R; would damp the 
current. 
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The Pirani booster is, as shown in Fig, 2, identical with the High- 
field semi-automatic booster, but neither is used to any great extent in 
this country. 

Another disadvantage which is, however, shared by other boosters 
of this class, is that the amount of copper in the field is excessive, since 
it is not the actual ampere-turns on the magnets that are effective, but 
the difference between the series and shunt ampere-turns. Тһе provi- 
sion of an exciter with fields suitably wound and armature connected 
directly across a shunt coil on the booster as shown in Fig. 4, reduces 
the exciting copper on the booster field, but adds extra lag to the time 
of reversal which, in this class of booster, there is no means of over- 
coming. 

Crompion Booster.—The Crompton booster (Fig. 3) is the elementary 
Pirani with the addition of a shunt coil D, connected across the booster 


с 


Fic. 5.—Lancashire Booster. 


terminals, the object of this coil being ostensibly to compensate for the 
varying state of the battery ; but it is difficult to see what gain is 
expected by the provision of this coil, as the undesirable features of the 
Pirani system are always present in the svstem, and the action of this 
additional coil simply augments the trouble referred to in the descrip- 
tion of the latter. The action of the third coil will be understood from 
the following discussion of the Lancashire booster. 

Lancashire Booster.—The Lancashire booster shown in Fig. 5 is of the 
differential type, the booster being provided with a third coil D, similar 
to that used in the Crompton system. Its presence here, however, is a 
distinct advantage. The coil, being connected across the booster ter- 
minals, is evidently excited by the difference between busbar and 
battery voltages, and it is designed in such a way that the field pro- 
duced by it, on the booster, is alwavs of such a value as to produce, in 
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the booster armature, a voltage exactly equal to the voltage across its 
own terminals. That is to say, the coil gives a booster voltage (assuming 
that every coil actually produces a voltage proportional to its ampere- 
turns) equal to the difference between battery and busbar voltages. 
Thus there is always, in the battery and booster portion of the circuit, 
a voltage equal to the busbar voltage, independent of the state of the 
battery. This leaves the coils A and B free to serve their proper pur- 
pose of regulating the booster charge and discharge, the two being 
balanced at normal generator load, and the total voltage in the battery- 
booster limb of the circuit being then equal to the floating value—1.c., 
equal to the line voltage. 

It should be observed that the diverter coil of the Lancashire 
booster carries a portion of the generator and not of the line current. 
The working of the system is as follows: At normal desired generator 
load the diverter coil and the separately excited shunt coil are set to 
balance each other. The self-excited shunt coil supplies the difference 
between the battery and line voltages enabling the battery to float 
without charging or discharging. An increase in line demand causes 
an increase in generator current, and therefore in diverter coil current, 
which starts the battery on discharge. Тһе battery voltage accordingly 
drops, but the self-excited shunt coil compensates for this drop, the 
initial voltage due to the increase in generator current being available 
to draw current from the battery until the battery current attains the 
value at which the generator current returns to the normal. 

Effect of Self-excited Coil of Crompton Booster.—To return to the 
Crompton booster, since the diverter coil carries a portion of the line 
current the boost due to it will go on increasing or decreasing so long 
as the line current is on the increase or decrease. If, as should be the 
case, the increase and decrease of line current are taken by the battery, 
the boost is proportional to the battery current, and hence to the drop 
in the battery, and may be made, as in the detailed description given 
later, equal to this drop. The third coil connected between the battery 
and line, however, will also tend to compensate for the drop, so that the 
drop will be over-compensated for, and, as already said, the unsatis- 
factory features of the Pirani booster made more prominent. Could the 
self-excited booster field coil be made to take carc of the variation in 
battery E.M.F. due to its varying state of charge, independently of its 
resistance drop, the scheme would be all right, but unfortunately this 
cannot be arranged for. қ 

Load Adjustment.—In diverter boosters generally’ the generator 
current should be adjusted to the desired value by an adjustment of the 
shunt coil B alone. The diverter should normally not be touched once 
it has been set to the proper value, although, in a Lancashire booster, 
both diverter and shunt regulator require to be adjusted if the best 
results are to be obtained. As will be explained later, there is, where 
the diverter is connected in the line circuit, only onc correct value of 
the diverter resistance, if the best equalisation of load is to be obtained, 
but, in the case of Pirani or Crompton boosters which operate on a 
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defective theory, and in which the state of the battery is not properly 
compensated for, it may be of advantage to have a diverter of less 
resistance than this value, as this will tend to let the generator load rise 
and fall as the line load rises and falls. An adjustment of diverter 
resistance is, in this way, sometimes an advantage with a Lancashire 
booster or with a Highfield automatic booster, which will now be 
shortly described, as it makes the generator and battery share the 
load peaks, and allows the generator load to fall to some extent when 
the line load drops. The possibility of doing this is of value at periods 
when, to keep a steady generator current, the battery charges and dis- 
charges would be more than the battery could stand, and it is desirable 
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Fic. 6.—Highfield Booster. 


to take advantage of the overload capacity of the main generating 
plant. 
Crass (B). 


Highfield Booster.—The connections of the Highfield booster are 
shown in Fig. 6. In this case the varying state of the battery is com- 
pensated for by the employment of a small exciter. This is connected 
in opposition to the battery through the booster shunt coil, so that the 
latter is excited by the difference between exciter and battery voltages. 
The coil is designed in the same way as the third coil used across the 
terminals of the booster in the Crompton and Lancashire schemes, and 
the field it produces is of such a value as would produce a booster 
voltage exactly equal to the voltage across the terminals of the coil—that 
is, the difference between exciter and battery voltages. The diverter 
coil circuit being assumed open there is, therefore, always a voltage in 
the battery-booster portion of the circuit equal to battery voltage plus 
or minus the difference between battery and exciter voltages—that is to 
say, a voltage equal to the exciter voltage. The state of the battery 
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when in a normal stable working condition is therefore compensated 
for. 

The facts that the exciter is a constant voltage machine, and that 
the booster shunt coil gives a booster voltage equal to the difference 
between battery and exciter voltages, make it possible, with a Highfield 
Booster, to run the battery and booster alone on the load, and yet have 
a constant line voltage automatically provided. The exciter voltage 
being made equal to the desired busbar pressure, current can be 
supplied to the load at normal steady voltage during the whole period 
of running with the generator shut down. Compounding over the 
steady value, if desired, can be obtained vid the diverter. This is some- 
times an advantage, and is one reason why a Highfield booster may be 
preferred to other boosters of the diverter type, although compounding 
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Ес. 7.—E.C.C. Booster. 


vid the diverter can be obtained with the others under similar cir- 
cumstances. 

With the circuit of the diverter coil closed there is the additional 
effect of it to be considered, and this always tends to give a voltage 
in the discharge direction, since the direction of the line current is 
constant. 

With a given value of exciter voltage the battery and booster will 
just float on the busbars when the line current has such a value that 
exciter voltage plus diverter boost is exactly equal to busbar voltage. 
A rise of line current past this will cause an increase in diverter boost, 
which increase, with proper adjustment of diverter resistance, will just 
make up the drop of voltage in the battery-booster limb of the circuit 
when a discharge current is flowing approximately equal in value to the 
increase in line current. Similarly a decrease of line current will cause 
the diverter boost to decrease by an amount sufficient to allow a charg- 
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ing current to pass into the battery approximately equal to the fall in line 
current. 

E.C.C. Booster.—The scheme known in Fig. 7 due to Strang, and 
worked by the Electric Construction Company, is another application 
of the principle adopted in the Highfield booster. In this, and in the 
Highfield system, the main point gained is that a voltage is always avail- 
able and present in the battery-booster limb of the circuit, equal in value 
to busbar voltage minus diverter boost at the current which it is desired 
that the main generator should take. In the Highfield scheme the 
exciter voltage is adjusted to this value, and the generator current 
adjusts itself automatically to the proper value by means of the rise 
and fall of diverter boost above and below the difference between bus- 
bar and exciter voltages. In Strang's scheme the exciter voltage is 
made equal to the diverter boost at a line current equal to that which 
it is desired that the generator should take, and the booster shunt coil 
is again so designed that, if acting alone, it would produce a booster 
voltage equal to the voltage across the coil terminals. There is there- 
fore always available in the battery-booster portion of the circait, a 
voltage equal to battery voltage plus (busbar voltage minus exciter voltage 
minus battery voltage), that is, busbar voltage minus exciter voltage, or 
busbar voltage minus diverter boost at a line current equal to that 
desired on the generator. That this is so may be seen from the dia- 
gram ; the potential difference between a and b is the algebraic sum of 
busbar and exciter voltages, or busbar voltage minus exciter voltage, 
that is, busbar voltage minus diverter boost at normal current. Between 
a and c the potential difference is the battery voltage, and the effect of 
the shunt coil is to add, algebraically, to this, in the battery-booster 
limb of the circuit, the difference between battery voltage and busbar 
voltage minus normal diverter boost, so that it is clear that the overall 
effect is to give an available voltage equal to busbar voltage minus 
normal diverter boost. The automatic action, after proper adjustments, 
is exactly the same as that in other line diverter boosters, the rise and 
fall of diverter boost, due to the rise and fall of line current, causing 
the battery to discharge and charge so as to relieve the generator of the 
fluctuations due to the peaks and dips in the load. 

Effect of Compoundingon Маш Generator.—There is one disadvantage 
common to all diverter boosters, viz., they will not work so satisfactorily 
with over-compounded generators unless arrangements can be made to 
over-compound simultaneously both booster and generator to the same 
extent—not an easy matter—and this militates against their successful 
employment in stations where such generators are employed. 

With an ordinary Highfield booster an increase in busbar voltage, 
due to over-compounding of the generator, cannot be compensated for, as 
the total available voltage in the battery and booster is equal to exciter 
voltage plus diverter boost, neither of which, assuming a constant 
booster speed, is affected by a variation in busbar voltage. Thetendency 
is, therefore, for the generator load to be subjected to all the variations 
in line load. This effect is illustrated in Fig. 8 described below. 
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Fic. 8.—Diverter Booster Chart, showing the Effect of Generator compounding on Battery Current. 


[28rd Nov., 


With a Lancashire booster the third coil gives 
in the battery-booster limb of the circuit an 
increase in available voltage corresponding to an 
increase in line voltage, but the current in the 
main shunt coil varies in direct proportion to the 
busbar voltage, and hence also does the current 
required to balance it, flowing through the 
diverter coil. As the mean load on the generator 
is settled by the current in the diverter coil re- 
quired to balance the effect of the shunt coil, it 
is evident that it will be affected by this action, 
which, it may be observed, is cumulative. Similar 
remarks apply to the E.C.C. scheme. 

Fig. 8, which has already been referred to, 
is a reproduction of a battery current chart ob- 
tained in an ordinary day’s working of a diverter 
booster in a traction station, where the genera- 
tors are compound. In the very early morning 
the battery is used to supply the cars until the de- 
mand grows heavier, when an over-compounded 
generator is started up. For a short time it will 
be noted that the battery does a good deal of 
work assisting the generator, but it then ceases, 
the battery current chart being practically a 
straight line. The reason is that during the 
period when the battery was equalising more or 
less in a proper manner the generator load was 
high, the machine working on or over the bend 
of the external characteristic curve, the high value 
of generating current being rendered necessary 
by the large tramway load during this period. 
The falling off of outside load necessitated a re- 
duction in generator current bringing the load 
well back on the external characteristic curve to 
a part where the over-compounding effect of the 
generator had full play to keep the battery from 
taking its share of the load. 

The set referred to was then shut down and 
a large set run up, this set not being so heavily 
over-compounded as the other, and, as a conse- 
quence, the battery and booster did a consider- 
able amount of work until, the generator current 
being set at a high value, the battery became 
highly charged and regulation again became prac- 
tically non-existent. This was due to the fact that 
the variation in the voltage of the battcry-booster 
portion of the circuit, caused by the rise and fall of 
diverter boost, was lost in causing a variation in 
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battery E.M.F. and not in the form of a C R drop, as it would have been 
had the battery been in a stable—not necessarily constant— working 
condition ; in fact, part of the voltage of the battery when in a highly 
charged condition may be said to have had no power behind it on dis- 
charge, and, on charge, required no power to build it up. "This, of 
course, may be seen in the ordinary charge and discharge curves of 
any storage cell. It would have been difficult to obtain a chart showing 
more clearly the limitations of diverter boosters than that reproduced 
in Fig. 8, although this one was taken simply in the ordinary working 
of the station and without any view to its being reproduced 
here. 

As, however, the object of a booster is to keep a constant load on the 
generating plant there is little reason, provided the booster is otherwise 
capable of giving satisfactory results, why the generators should not be 
run shunt, or with some of the compounding cut out, so as to make 
them level-compounded while the booster is in operation. The com- 
pounding can be used, if desired, when the generator is running alone 
on the load. Compounding where a diverter booster is employed, if 
absolutely necessary, could be obtained by the use of an ordinary 
series line booster. In a paper read before the Manchester Local Sec- 
tion in 19or, the late Mr. G. A. Grindle stated that he was of the opinion 
that the battery and booster should take entire control* He went 
the length of saying that the engine should be run without a governor 
on a constant steam pressure and valve admission, and considered that 
a good deal of the variation that occurs when a battery and booster 
are regulating is due to the governor of the engine attempting to make 
the engine follow the load, instead of leaving the battery to deal with 
the variation. Evidently over-compounding of the generators has 
a similar but more pronounced effect, as already described. 

The presence of a heavy flywheel on the engine also affects the 
quality of the results obtained with some boosters in the same way, 
a fairly marked difference in regulation being sometimes obtained 
with different generating sets. 

Although not every one will agree with this view of the matter, 
there is a good deal in it. Certainly better charts of generator load 
can be obtained if the generator has a pronounced tendency to refuse 
to take more load, enabling the battery and booster to show to the 
greatest advantage. However, if automatic compounding is desired, 
so that the station voltage rises and falls in accordance with the 
line demand, boosters of Class (C) should be used and compounding 
of the generator effected as indicated later when those are being 
dealt with. 

Action of Line Diverters.—It has already been said that for proper 
automatic regulation of generator current, when the diverter is in 
the line circuit, there is only one correct value of diverter resistance, 
and that the diverter should be adjusted to this unless the variations 
of load are more than the battery and booster can handle, and it 
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is desirable to make use of the overload capacity of the main 
generating plant. Adjustment of generator load should all be made 
on the shunt coils. That this is so will be seen from the following 
remarks. | 

When the line current has its normal value, the battery and booster 
should be idle, and, according as the line load falls below or rises 
above this value, the booster should cause the battery to charge or 
discharge. The working boost is the direct result of the amount 
of increase or decrease of the line current. With perfect load regula- 
tion and equalisation this increase or decrease would be exactly equal 
to the battery current. With this ideal regulation the generator 
current, and therefore its voltage, would remain absolutely steady. 
The battery and booster limb of the circuit has therefore to act as 
a level compounded unit, the compounding effect being obtained wid 
the diverter. Every increment of line current adds its quota to the 
voltage of battery plus booster, but not to the generator voltage, seeing 
that the increment is drawn from the battery. Of course, the first 
increment of line current must come from the main generator, since 
the battery plus booster voltage cannot be affected until an alteration 
has taken place in the line current, but, unless the generators are 
over-compounded, this increment, in itself, cannot hinder the battery 
and booster in their working ; where the generator is heavily over- 
compounded, however, this initial increment of the line current, 
equivalent to an increment of generator current, by causing the 
generator voltage to rise, may quite defeat the efforts of the booster 
to make the battery work (see Fig. 8). 

The resistances of the battery and its connections being assumed 
constant and the booster without armature reaction, the drop of 
voltage in the battery and booster part of the circuit will be strictly in 
proportion to the current taken from the battery. The compensating 
increment of voltage from the booster diverter coil should therefore be 
directly proportional to the battery current, and since the increment of 
diverter drop, and therefore of diverter coil current, is directly pro- 
portional to the increment of line current, that is to say, to the battery 
current, this result is evidently obtained, provided that the automatic 
working booster voltage is obtained on the straight part of its open 
circuit curve, where machine voltage varies directly as field current. 
This being arranged for, there is therefore a strict proportionality 
throughout, and hence, when the diverter has been set to give the 
correct boost for one load variation, it will give the correct boost for 
all variations. Obviously the effect for a decrease of line current is 
similar to that for an increase, the drop in diverter boost in this case 
being such as to produce a drop in booster voltage exactly equal to the 
resistance drop due to a charging current flowing into the battery, equal 
to the drop in line current. 

The use of interpoles on boosters decreases armature reaction, but, 
in practice, a compounding coil in series with the booster armature is 
always found desirable with diverter boosters. The drop of voltage in 


1911.) BATTERY BOOSTERS. 299 


the booster armature being compensated for in this way, it is possible 
to use a somewhat less expensive diverter. 

Some Causes of Inaccurate Working.—It is impossible to make any 
exact calculation of the resistance of a diverter as used above, but an 
approximate value is easily calculated. Some margin should be allowed 
for increase of battery resistance with age. The fact, already stated, 
that the resistance of the battery 1s not constant, even with the battery 
in a stable working condition, but varies with the varying state of the 
cells, is one reason why the working of line diverter boosters can never 
be truly accurate. If the resistance of the part of the diverter in use 
is greater than the correct value, the battery will tend to lift the load 
off the generator on discharge and tend to overload it on charge. A 
similar effect is produced if shunt coils which should have a voltage 
gradient of unity set up too strong a field. Consequently the best 
method to follow is to design those shunt coils for too strong an effect, 
and introduce a booster field resistance to reduce the action to the 
proper point. 

Variable resistance of field coils with varying degrees of heating is 
another cause of inaccuracy of working. 

Besides the foregoing, the use of a diverter, itself practically non- 
inductive, in parallel with a highly inductive field coil, must produce a 
pronounced tendency to sluggishness of action in all boosters in this 
class. When a demand for current comes on, the currents flowing in 
the parallel circuits of diverter and field coil, will not assume values in 
accordance with the relative resistances of the two circuits for some 
time, but the diverter will get more than its due share and the field coil 
considerably less. This is an inherent defect which must inevitably 
show itself in cases where the fluctuations in load are very rapid. It 
will be recognised as a point that has to be considered in connection 
with the design of interpole machines. 

A consideration of the fundamental equation for the growth of 
current in an inductive circuit gives an expression for the relative rates 
of variation in current. The equation is— 


E = applied voltage. 
R = resistance. 
. L = inductance. 
c == instantaneous current at time 1. 


Integration of this gives the result— 


C=E/R г cur E) 
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Substitution of this in the original equation gives— 


or rate of increase of current is proportional to— 
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where suffixes c and d refer, respectively, to coil and diverter, and 
T = time constant. 


It will be seen that y may be a pretty large number, and that 
d 


although the second factor has a negative index, the current may 
initially rise in the diverter at a very much higher rate than in the coil 
in parallel with it. The same result is obtaincd by a consideration of 
the rate of fall of current. 


CLass (С). 


In this class of booster control is usually made to depend on small 
variations in the generator current which it iş desired to regulate, these 
small variations being turned to account to prevent the occurrence of 
larger variations. The idea is somewhat akin to that employed in the 
hit-and-miss system of governing a gas engine. The regulation does 
not depend on exact design, but on the rapidity with which the 
regulator can act, and, as will be seen from the following discussion, 
arrangements can be made to ensure very rapid action indeed. 

Most makers of diverter boosters consider it necessary to laminate 
the entire booster field system ; in fact, Mr. Turnbull, in a paper on the 
Lancashire booster, read before the Newcastle Local Section,* says 
that only thus can this booster be made to respond to the variations in 
line current. The chart of generator current illustrating his paper 
(Fig. 28) gives some idea of the quickness of reversibility of this booster, 
and it may be fairly assumed that this chart exhibits the best results 
that can be obtained from this tvpe of booster, and may be taken as 
being fairly representative of the best results obtainable from diverter 
boosters in general With boosters controlled by a quick-acting 
regulator there is no necessity whatever to have such a refinement as 


* Fournal of the Institution of Electrical Engineers, vol. 36. p. 591, 1906. 
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lamination of the field system, even where an extra link is introduced 
in the form of an exciter. 

Entz Booster.—The simplest system is that invented by Entz, the 
prominent feature of which is a piece of apparatus called the Entz 
carbon regulator. The connections are as shown in Fig. 9, where an 
exciter is shown connected across the booster ficld, the field of the 
exciter being controlled by the carbon regulator. The latter consists 
of two sets of piles of carbon discs A and B, connected in series 
across a section of the battery; in the figure it is, for simplicity, shown 
across the whole battery. The junction of the two sets is connected, 
through the exciter field C, to the middle point of the section of the 
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Fic. 9.—Entz Booster. 


battery in use. The generator current which it is desired to regulate 
is carried round a solenoid D, provided with an iron core suspended 
from the end of a lever arranged with a pressure transmitter for each 
set of carbon piles. The pull on the solenoid core is opposed by a 
spring as indicated in the sketch. The two sets of carbon piles being 
in series across a section of the battery, the potential differences across 
them will be directly proportional to their resistances, which are varied 
by the movement of the regulator lever. The potential of the middle 
point of the regulator, that is, the junction of the two sets of piles, 
relative to the potential of the middle point of the section of the battery 
in use, will therefore obviously vary with the relative resistances 
of the two sets of piles, and a current will flow through the exciter 
field when the resistances of the two sets are unequal, the direction 
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of the current depending on which of the sets of piles has the greater 
resistance. 

When the pull exerted on the core of the regulator solenoid is equal 
to the tension of the spring with the lever in the horizontal position, 
the resistances of the two halves of the regulator are equal. This will 
be the case when the line current has a certain definite value, and the 
battery, if in a floating condition, will then be idle. Should the line 
current increase the generator current will increase, but a small 
increase of solenoid current will disturb the balance between the pull 
on the core and the tension in the spring. Pressure will accordingly 
be put on the set of piles adjacent to the solenoid, with the result that 
a current will flow in the exciter field in such a direction as to give a 
discharge voltage on the booster. This, by drawing current froin the 
battery, will prevent a further increase from getting back to the 
generator, and, although the regulator is designed to give, momentarily, 
a voltage for excitation purposes in excess of that actually required, 
overshooting of the correct discharge checks itself, because immediately 
the battery discharge begins to relieve the solenoid of the small 
increment of current, the pull on the solenoid core begins to fall, and 
consequently the pressure on the compressed set of carbon piles also 
falls, which pressure is directly responsible for the discharging voltage 
of the booster. 

The effect of a fall in line current is to enable the spring to pull the 
lever down on the other set of piles, and the direction of current in 
the exciter field is now such as to cause a charge boost. Should the 
battery not be in a floating condition the regulator will automatically 
exert a pressure on the proper set of piles, so as to keep the battery 
idle when it should be so. The overall effect is to give a practically 
steady generator current, the variations up and down from the mean 
value being small. Excellent results are being obtained with this 
system, generator current charts taken in traction stations dealing with 
very highly fluctuating loads having an appearance more like good 
voltage than current charts. 

The travel of the lever, and hence the corresponding charge and 
discharge battery currents, can be limited by stops E and F placed 
above it. This allows the best possible regulation to be obtained so 
long as the line fluctuations are within the capacity of the battery and 
booster, and, when the fluctuations are excessive, they are thrown back 
on the main generator and advantage taken of its overload capacity. 
It may here be noted that the generating plant is only called upon to 
share in the fluctuations when these exceed the capacity of the battery 
and booster, whereas, if it is desired, in the case of a diverter booster, 
to make the generator share the fluctuations, the diverter resistance 
has to be adjusted to a low value and the sharing process goes on all 
the time, and not merely when the fluctuations are beyond the 
capacity of the equalising plant. 

Since control is dependent only on the generator current, over- 
compounding of the generator can have comparatively little effect on 
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the regulation, the regulator automatically supplying any extra booster 
field required to meet the compounding, and, if it is desired, the line 
current or a portion of it can be carried round a compounding coil on 
the main generator in order to raise the busbar voltage at times of 
heavy peaks, without its being necessary to provide any special arrange- 
ments on the booster. This has been done in practice with the Entz 
booster. 

It will be seen that adjustment of the generator current to any 
desired value is an exceedingly simple matter, as, of necessity, the 
generator current must automatically assume such a mean value as will 
hold the lever in a position such as will leave the resistances of the 
two sets of piles equal. Hence the only adjustment necessary is the 
tightening or slackening of the regulator spring, and this simply 
involves the turning of a small hand-wheel. 

A notable feature of the Entz system is its simplicity. There is no 
complicated system of field windings to be designed in accordance 
with exact theory, and requiring patient adjustment on site, and 
consequently exceedingly little trouble is experienced in putting it 
to work. 

An important property claimed for this regulator has already been 
mentioned, viz., that when the balance between solenoid pull and 
spring tension is disturbed the result, due to the sensitiveness of the 
piles to change in pressure, is an exciting voltage for the exciter field, 
and hence an exciter armature voltage, in excess of that actually 
required. This compels the booster field to build up to the required 
value very rapidly. The makers claim a 3-times effect of this character 
on the average. The exciter field circuit has a definite time constant, 
and, whatever voltage is applied to it, the current in the field coil will 
attain the final value corresponding to this voltage in a definite time. 
This is to say, the time between application of voltage and attainment 
of the corresponding final value of current is the same whatever the 
value of the applied voltage, although the final values of the current 
will be in direct proportion to those voltages. 

Rise of Field Flux.—Assuming that, to meet a given line peak, a voltage 
E is required across the exciter field, and a voltage 3 E is applied, the 
current in the field will attain a value equal to the final value which 
Е would produce in one-third or a smaller portion of the time that E 
would take. The curves shown in Fig. то illustrate this point. For 
example, the current with an applied voltage E takes 2 seconds to risc 
to 0:86 ampere, but with an applied voltage 3 E it attains this value in 
less than 4 second. The curves are plotted from the equation— 


C= E/R (1 E) 


R and L being the resistance and inductances of the circuit re- 
spectively, E the applied voltage, and C the current at any time / after 
the application of the voltage. For convenience E/R апа. R/L have 
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been taken equal to unity, the graphs therefore representing the 
functions Y = 1 — ғ and Y = 3 (1 — є) respectively. As instant rever- 
sibility is what is aimed at in every automatic battery booster, it will 
be seen that the possession of this property is an exceedingly strong 
argument in favour of the Entz and similar systems. 

B.T.H. Booslers.—Since the Entz system was invented various other 
systems have been introduced employing the same principle, viz., the 
variation of either of two resistances connected in series across the 
battery or a section of it, and having the controlling field connected 
between the junction of the resistances and the middle point of 
the part of the battery in use, this variation of resistance being made 
responsive to small variations in the generator current which it is 
desired to keep steady. 


3 


Current. 


Time in Seconds. 
Fic. 10.—-Rise of Current in a Field Circuit. 


The well-known Tirrill regulator has been employed in this way. 
Originally this regulator was used for voltage regulation, its operation 
being responsive to small variations in the voltage which it was em- 
ployed to steady. Its application to the control of battery-booster plant 
is shown in skeleton form in Fig. 11. It will be seen that the scheme 
of connections is the same as that of Entz, the two sets of carbon piles 
being replaced by two resistances, and the large solenoid by a diverter 
and a small solenoid. Variation of the potential of the junction of the 
resistances, relative to that of the middle point of the battery, is obtained, 
not by variation of the resistances, but by their being entirely cutout by 
short-circuiting. Operation of the system is responsive to small varia- 
tions іп gencrator current reflected in the main solenoid. With the 
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contact A occupying a position between contacts B and C, which will 
be when the spring is balanced by the pull on the magnet of the main 
solenoid D, the two relays E and F are energised, and both pairs of the 
corresponding short-circuiting contacts G and H are open. The resist- 
ances R, and R, being equal, there is therefore, under those conditions, 
no current in the booster field. A sufficient increase of solenoid current 
over that required to balance the tension in the spring causes the 
middle and upper contacts A and B to close. The relay coil on 
magnet E is therefore short-circuited and de-energised, and the 
contacts G close under the action of the spring shown in the Fig. 
This, by short-circuiting the resistance R,, throws the booster field 
directly across half the supply voltage, and produces a booster voltage 
tending to discharge the battery, but immediately the discharge 
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Fic. 11.—Skeleton Diagram for Booster controlled by Tirrill Regulator. 


exceeds the value required to bring the generator current back to 
its normal value, the main spring overpowers the pull on the sole- 
noid core, and the middle and lower contacts A and C close, giving 
a charging tendency by means of F in a manner similar to that 
indicated above. Obviously the middle contact is never at rest, as, in 
order to get quick reversal of booster field, the complete cutting out of 
the resistances is designed to give an overshooting effect similar to that 
noted in connection with the Entz regulator. 

Fig. 9 shows the whole of the apparatus used in the Entz system, but 
in the Tirrill scheme the outline shown in Fig. 11 is insufficient to give 
satisfactory practical results, it being necessary with the Tirrill regu- 
lator, as with most other regulators designed to give an overshooting 
effect, to adopt some principle of auxiliary checking control. Operation, 
: as it is described in connection with Fig. тт, is obtained by overshooting 
of battery current in the charge and discharge directions. It is neces- 
sary to check this by opening the contacts A and B or A and C, the 
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closing of which causes the discharge and charge, before the battery 
current has time to overshoot, at the same time taking advantage of an 
overshooting booster exciting voltage in order to build up the booster 
field rapidly ; the exciting voltage is allowed to overshoot, but the 
action is checked before the booster field produced exceeds the re- 
quired value. The booster voltage lags behind the corresponding 
movement of the regulator, which, by design, corresponds to an effect 
in excess of that actually required. At the time, therefore, that the 
booster voltage attains the correct value, the regulator is in what may be 
termed a too advanced position, and an over-regulating effect would be 
the result were steps not taken to prevent it. The required checking 
effect is obtained by the use of what are termed “ floating contacts,” as 
illustrated in Fig. 12. 


FIG. 12.—Control by Tirrill Regulator with necessary Checking Action. 


In this case the booster is excited from an exciter, the field of which 
is controlled by the regulating apparatus. The contacts B and C are 
mounted on а spring-controlled pivoted lever, on which are also 
mounted the cores of two solenoids M and N, which are energised 
by the exciter voltage at the proper time through the contacts K and L. 
The main lever, at the end of which is suspended the core of a solenoid 
energised by a portion of the generator current, is provided by a weight 
W to balance the pull on the solenoid at the desired generator load, and 
a contact P working between K and L, as A works between B and C. 
When the main lever is in the horizontal position A is clear of B and C, 
and there is no current in the exciter field. Ап increase in generator 
current causes A to rise and make contact with B. This de-energises 
E, and the exciter field is excited in such a way that the exciter voltage 
causes the booster to give a voltage in the discharge direction. It will 
be noticed that as A goes up and touches B, P goes down and touches 
L, energising the solenoid N from the exciter voltage. Theaction of М 
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is to tend to raise B from A, and the spring opposing N is adjusted so 
that this action occurs at a suitable moment. The opening of A and B 
has, of course, the effect of checking the discharge boost earlier than it 
would be checked if B were stationary. The checking may, however, 
be too early, but in that case A will follow up B and again make con- 
tact, B again retreating when the exciter voltage attains some somewhat 
higher value, due to the fact that the tension in the spring opposing N 
increases directly with its extension. This following-up action of A is 
due to the fact that the pull on the main solenoid core is balanced by a 
weight W and not by a spring, for so long as the moment of the pull on 
the core about the hinge is greater than that of the pull of gravity on the 
weight W, so long will the lever move. Should W be replaced by 
a spring the movement of the lever would increase the tension of 
the spring, and a continued lever motion could only be obtained by 
a continued increase in the current in the solenoid. 

Hence, so long as the generator current has a value above that 
desired, the contact A will follow B, the retreating action of B prevent- 
ing the battery discharge current from overshooting, although the 
exciter voltage is allowed to overshoot for the purpose of getting quick 
action. The movement of B must obviously take place in a period 
of time less than the interval which would elapse between the moment 
when the exciter has a definite voltage and the moment when the 
battery discharge would attain its corresponding value. The result is a 
very quick vibration of the contact B. 

A similar effect through the other set of relays is obtained when the 
generator current decreases, resulting, in this case, in a charge boost. 

Checking Action in Entz Regulator.—It should be noticed that no 
type of auxiliary checking mechanism is used with the Entz regulator, 
this being due to the sensitiveness of the carbon piles to changes 
of pressure. In fact, the Entz system possesses the advantages of both 
hit-and-miss and rheostatic control. When a pair of contacts on the 
Tirrill regulator are open or closed the corresponding resistance is 
either all in or all out, and “all in" and “all out" both mean over- 
regulation, whereas, with the Entz regulator, the variation of resistance, 
although very rapid, is also gradual, and when the battery current, 
caused by a slight increase or decrease in generator current, begins to 
reduce that increase or decrease, the reduction immediately causes an 
alteration in the pressure on the piles, which pressure was due to 
the slight increase or decrease in generator current first mentioned, 
and which actually was the means of producing the battery current. 
With the carbon regulator, therefore, rapid action is obtained together 
with the very important advantage of extreme simplicity. 

Taylor-Scotson Regulator.—Another regulator of the Tirrill type 
is that used in the Taylor-Scotson system. In the application of the 
Tirrill regulator a resistance in series with a field winding is open- and 
short-circuited alternately, but, in the Taylor-Scotson scheme, the open- 
and short-circuiting operation is performed directly on a field winding 

itself. The regulator is mostly used for voltage regulation, and, so far 


308 RANKIN : AUTOMATIC REVERSIBLE [23rd Nov., 


as the author knows, has not been applied to the control of battery- 
booster plant in the ordinary way, but the action is made to depend on 
the rise and fall of line voltage at some point in somewhat the same 
way as the Thury regulator, described later, is employed. Of course, 
the other external regulators could also be employed in this way. 

Fig. 13 shows diagrammatically how this regulator may be utilised. 
The battery booster is of the hand-reversible type, and its voltage may 
be regulated and reversed by means of a potentiometer type resistance 
and a suitable switch in the usual manner. In scries with the booster 
field there is a differentially wound exciter E, the fields of which 
are equal and are controlled by the vibrating contact A shown between 
the fixed contacts В апа С. The position of A is controlled by means 
of a spring anda solenoid D, which is connected across the voltage 
which it is desired to control. This may be the voltage at the end of a 
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Fic. 13.—Control by Taylor Scotson Regulator. 
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feeder. With A in its mean position the exciter fields completely 
neutralise each other, being excited equally from the line voltage. An 
increase or decrease in the solenoid voltage short circuits one of the 
fields, and the exciter gives a voltage in such a direction as to decrease 
or increase the booster voltage. 

In practice the regulator requires to have a checking apparatus to 
prevent over-regulation, similar to that employed with the Tirrill 
regulator, but the diagram shows the main principle employed in the 
scheme. 

Tilney Booster.—The Tilney booster shown in Fig. 14 is classed 
as an externally regulated set. 

Referring to the figure, a potentiometer type booster field- 
regulating and reversing switch is shown operated by a small motor. 
The armature of this motor 15 connected through a resistance across the 
line voltage, and its field is wound differentially, опе coil being excited 
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from the busbars and the other carrying a portion of the generator 
current. The shunt coil is set so as to balance the diverter coil at the 
desired generator current. When the coils exactly balance each other 
the motor armature is stationary. Ап increase or decrease in generator 
current, due to an increasc or decrease in line demand, disturbs the 
balance of the coils and gives a resultant motor field and a consequent 
torque, and the armature accordingly revolves and regulates the 
booster field, until the battery current assumes the value necessary 
to bring the generator current to the correct value again. 

This method of regulating the booster field follows the hit-and-miss 
principle already described, but the differential method of winding, as 
already explained, does not make for rapidity of action, and a further 
lag is introduced by reason of the fact that what is simply an ordinary 


Ес. 14.—Tilney Booster. 


field-regulating and reversing switch is used, with its attendant inertia 
and brush friction. 

As will be seen, there is no provision made for over-regulation, and it 
is rather difficult to see, in view of the fact that a checking arrange- 
ment has to be provided with all similar and successful regulators as 
an absolute necessity, that the results obtained on a rapidly varying 
load will be satisfactory. 

As a matter of fact, the vital importance of this checking action is 
not properly appreciated, and there are many other regulators patented 
of which little is heard, probably due to the fact that such a control has 
been omitted. 

Clearly this type of regulator will not work so well with compound 
as with shunt generators, the control being dependent not only оп 
variations in generator current, but also on the value of the line 
voltage. 

Thury Booster.—The Thury voltage regulator has been applied to 
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the control of battery-booster plant, an outline of the scheme in 
` which it is employed being shown in Fig. 15. The question of over- 
regulation, and the provision of a checking action arises in connection 
with this system as in the Tirrill and other external regulators. The 
action of the regulator is responsive to variations in busbar pressure, 
and a rise or fall of voltage from the desired value causes the regulator 
to act, and a booster voltage in an appropriate direction is the 
result. 

The booster is fitted with a series field coil and a shunt, the latter 
being excited from the battery through a potentiometer resistance and 
switch R, the arm of which is rotated by toothed wheel A. This toothed 
wheel is rotated in either direction by one of the pawls B and C, which 
operate in conjunction with the triggers D and E, which in turn are actu- 
ated by the knife-edged projection F on the pivoted lever G, the travel 
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Fic. 15.—Thury Booster. 


of this being limited by T and U. On the side of the pivot of С, remote 
from the triggers, is a solenoid Н, which 15 connected across the busbar 
or other voltage which it is intended that the battery charge and dis- 
charge should keep constant, the action of the solenoid coil being to 
tend to raise the iron core, this lifting action being opposed by the 
spring K. L and М are two more springs, the former a spiral іп ten- 
sion and the latter flat. N is an oil dashpot whose piston has an adjust- 
able opening in it, and P is a lever pivoted at O and rocked round O 
by a toothed wheel Q and rack S. 

The triggers D and E and the pawls B and C are mounted on an 
arrangement which is, by the action of a small motor not shown in the 
figure, kept rocking backwards and forwards. The triggers are each 
provided with a notch, which notches engage with the knife edge of F, 
that on E when F falls by the action of the spring K and solenoid H, and 


that on D when F rises. 
With the voltage across the solenoid equal to the desired normal 
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value, the lever G is horizontal, and F clears both D and E. If the 
voltage rises F falls, and when E in its to-and-fro motion comes up to 
it, the pawl C is released and, engaging with the toothed wheel A, turns 
it in a clockwise direction regulating the booster field by means of R, 
so that a charging booster voltage is obtained. At the same time, the 
engaging of О and 5 lowers the dashpot end of Р, pulls down the flat 
spring M, and releases the tension in L, enabling the spring K to tend 
to prevent the raising of the solenoid core and consequent lowering of 
F from giving over-regulation by tending to bring F back to its mean 
or neutral position. 

The oil in the dashpot is all this time flowing through the hole in 
the piston to enable M to return to its normal position, but if, when 
this happens, and G is once more horizontal, the voltage has not 
attained its correct value, the action will be repeated, and this goes on 
until proper regulation has been obtained. 

The effect of a fall in voltage is precisely similar to that described, 
but, of course, in an opposite sense. 

The Thury regulator cannot be called quick-acting in the same 
sense, as, say, the Tirrill regulator, and it can readily be conccived that 
much trouble might be experienced with it should an attempt be 
made to make the ;operation dependent on the variations in genera- 
tor current instead of line voltage. Some figures regarding its quick- 
ness were given by Dr. Morris in the discussion on a paper by Mr. 
Tilney.* The regulator he referred to operated a booster with cast 
steel poles, and he stated that the regulator, which worked at the rate 
of two notches per second, operated at one-third to one-half of the 
speed of the building up of the booster voltage, but that it could more 
nearly attain the speed of decrease in booster voltage. It would there- 
fore seem that the field of this regulator is on, say, lighting systems 
where the peaks are much slower and less violent than those on a 
traction or industrial power load. 

From the diagram it will be seen that the booster is provided with a 
series coil. This may be made to relieve the regulator of a good deal 
of the work, as, if designed to give, as nearly as can be obtained, a level 
compound effect in the battery-booster portion of the circuit, the regu- 
lator only requires to perform the function of a prompter, so to 
speak, and to compensate for the varying state of the battery. This all 
tends to make the apparatus quicker in action, the checking action of 
the oil pump tending to prevent overshooting of the regulation. 

As a matter of fact, were the regulator made responsive to fluctua- 
tions in generator current, and provided with a coil such as that 
described above, the scheme would be closely akin to the Highfield 
and other schemes, where control is effected by means responsive to 
current, for it will be seen that, with the regulator coil H responsive 
to generator current, and a series coil responsive to battery current, the 
overall effect is responsive to the total current increase. 

A point to be noticed in connection with the regulator, and one 

* Fournal of the Institution of Electrical Engineers, vol. 36, p. 605, 1906. 
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which would badly affect its operation, if connected so as to be respon- 
sive to generator current and used on a highly fluctuating load, is that 
the back control is not responsive to any of the factors governed by 
the action of the regulator. It is purely mechanical, and it is question- 
able whether a mechanical arrangement can be adjusted to give satis- 
factory results under the variable and severe conditions prevailing 
in ordinary battery and booster work. 

Systems of Lincoln and Bijur.—Other systems which may be men- 
tioned are those due to Lincoln and Bijur, which act on a principle 
similar to that of Entz. In both cases a controlling field is connected 
between the middle point of a number of cells and the junction of two 
resistances connected across those cells. In Lincoln’s scheme, which 
is patented in connection with alternating-current systems, the torque 
of a small alternating-current motor, which is responsive to variations 
in main generator current, is balanced by a spring at the desired value 


Fic. 16.—Brown-Boveri Booster. 


of the current. An increase or decrease of generator current causes a 
rotation of the motor, and hence, by means of ordinary switches, a 
variation in the relative values of the two resistances connected 
across the cells, the controlling field being therefore energised in an 
appropriate direction. 

In Bijur’s system a solenoid is used, the pull on the core, which is 
due to generator current, being balanced by a spring. Variation of 
the two regulator resistances is accomplished by means of contact 
points dipping into mercury cups. 

In neither of those regulators is there any provision made for a 
back-checking action, and variation of the resistances could not 
conveniently be made so quick and yet so gradual as in the case of the 
Entz regulator. 

Brown-Boveri Booster.—The Brown- Boveri voltage regulator is applied 
as shown in outline in Fig. 16. Two resistances, each provided with a 
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large number of contacts, are connected in Wheatstone Bridge fashion, 
the booster field taking the place of the galvanometer. The terminals 
of the field are connected to two contact sectors A and B, which are 
fixed to a moving coil system. The moving coil C moves in the gap of 
a differentially wound magnet D, and carries an approximately constant 
current : absolute constancy of current is not indispensable. There is 
no spring or other control to bring the moving coil into any recognised 
mean position, but it can come to rest in any position which results in 
a balancing of the magnetic effects of the differential coils on D. 

One of the differential windings is connected across the line voltage 
or a part of it, and the other carries a portion of the generator current 
to be regulated, the working of the scheme being as follows :— 

The differential coils may be assumed to be balanced initially, with 
the sectors A and B in the mid-position shown in Fig. 16, the line load 
being equal to the desired normal value, which the generator should 
take, and the battery in a floating condition. The booster field will 
then have no current flowing in it. 

An increase or decrease of line current will cause a corresponding 
alteration in generator current, which will upset the balance between 
the magnetic effects of the differential windings, and cause the moving 
coil and the contact sectors to rotate in such a direction as to give the 
necessary discharge or charge booster voltage. 

Adjustment of main generator current is effected by adjustment of 
the strength of the shunt winding on the magnet. 

It is claimed that over-regulation is prevented by the lightness 
of construction of the moving parts of the regulator, and the provision 
of a special adjustable damping arrangement. The latter consists of a 
toothed sector, which is coupled by a flat spiral spring to the spindle 
of the moving system; this sector drives a pinion on a disc which 
moves in the field of a permanent magnet. The flat spring referred to 
constitutes a flexible coupling link between the moving contact sectors 
and the damping sector, and therefore the former can move relatively 
to the damping system, the tension in the spring depending on the 
relative positions of the sectors. 

A variation of generator current causes the contact sectors to move 
through a distance in excess of that required for regulating purposes. 
This puts a higher voltage across the booster field than that actually 
required, and enables it to build up its magnetism quickly in the 
таппег explained earlier in the paper. The movement of the contact 
sectors tightens the spring coupling referred to above, and the damping 
sector begins to move, the returning of the generator current towards 
its normal value and the tension in the spring coupling bringing the 
contact sectors back before over-regulation of the generator current 
can take place, but, owing to the damping sector having moved into a 
more advanced position, not far enough to overshoot the initial position 
in the opposite direction and thus cause hunting. 

The springs E and F maintain the pressure between the contact 
sectors and the resistance contacts, and the pivoting of the sectors 
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in coned cups as indicated in the figure gives a rolling and practically 
frictionless contact between sectors and contacts, the latter being 
arranged on an arc, the radius of which is somewhat greater than that 
of the face of the sectors. | 

It may be noted that the initial increment of generator current 
required to operate the regulator is not required to keep the contact 
sectors in their proper position, because—there being, as already 
mentioned, no spring control—the sectors become stationary in the 
position which brings the generator current back to the value at which 
the effects of the two windings on the differential magnet exactly 
neutralise each other. 

This regulator possesses the defect of all differential systems in that 
compounding of the main generator will affect its working. Quick 
operation with an absence of over-regulation is claimed, but, since the 
action preventing over-shooting is not responsive to any of the factors 
governing the battery charge and discharge, it is difficult to see that 
the action can be made thoroughly ettective. In this it resembles the 
Thury regulator, the checking action being purely mechanical. 

Methods of Using Boosters —The.ways in which а battery-booster 
plant can be used are many and varied. Booster sets may be 2-wire or 
3-wire, although the latter are not so satisfactory as the former. In 
3-wire systems it is quite common practice now to run the battery and 
booster across the outers of the system like a 2-wire set. А 3-wire set 
consists merely of 2 sets with a common point at the middle wire of 
the system. The outline of such a scheme is shown in Fig. 17 for a 
Highheld booster. The booster on the positive side endeavours to 
keep a constant current coming from the generator positive lead, the 
value depending on the setting of the exciter voltage. That on the 
negative side endeavours to keep a constant current in the negative 
dynamo lead, the value of this depending on the adjustment of the 
corresponding exciter. Obviously things get somewhat mixed if 
the two exciters are not adjusted alike, as the currents in positive and 
negative dynamo leads must be the same. For satisfactory working 
the exciter field regulators have to be interlocked, but even this 
presupposes an accuracy in design not always obtained in practice. 
The foregoing remarks, although illustrated by reference to a Highfield 
set, are not confined to this type of booster. 

Exceedingly good results are obtained by the use of the battery 
and booster directly connected across the outers of the 3-wire system 
in conjunction with a separate balancer, and, with this arrangement, 
loads of a very highly fluctuating nature can safely be connected 
across the outers of supply without the busbar voltage being affected. 
For example, in one station shunt-wound generators are run directly 
across the outers in parallel with a battery and automatic reversible 
booster, and a rolling mill motor load is supplied from the same bars 
as public and general lighting without any adverse effect on the voltage. 
Also, in the Electrical Review,* plant was described which is in opera- 

* Electrical Review, vol. 67, p. 59, 1910. 
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tion at Blackburn Corporation Electricity Works, and which makes 
provision for the town traction to be supplied from the outers of the 
3-wire lighting and general supply system through a motor-generator. 
A battery and booster operate in parallel with the generator side of the 
set, and equalise the load so that the variations are not noticed on the 
3-wire system. The generator current is held steady within about 
20 amperes from the mean, which is normally 600 to 800 amperes. 
Arrangements such as have just been mentioned are often capable 
of showing large economies, but before an engineer definitely decides 
to supply such highly fluctuating loads from his lighting busbars, he 
should satisfy himself thoroughly that the equalising system he chooses 
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Fic. 17.—Three-wire Highfield Booster. 


is capable of giving the results he wants, and the best way to make 
sure of this is to see a similar plant in satisfactory operation. He 
should experience little difficulty in this direction, as firms who exploit 
satisfactory systems are invariably pleased to demonstrate the advan- 
tages accruing therefrom. The best system should be installed : it is 
usually but poor economy to put down a second-rate plant for the sake 
of saving a little in capital expenditure, and have only second-rate 
results, and probably much worry, during the whole life of the plant. 

Balancing on a 3-wire system where a 2-wire battery and booster 
are used, instead of being obtained by means of a separate rotary set, 
may be effected on the armature of the booster motor by means of a 
choking coil in the middle wire of the system connected to slip-rings 
on the armature. This, of course, means that the motor armature has 
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to be larger than would otherwise be the case, the increase in size 
depending on the magnitude of the out-of-balance current. As an 
alternative to this the booster may be balancer-driven, in which case 
the balancer machines require to be made larger than is necessary 
to deal with the out-of-balance current, the increase in size being 
dependent on the power required to drive the booster. 

Of course, in all those cases a middle-wire connection should be 
provided for the battery, and, at times of light load or in emergency, 
balancing can be done by means of the battery. This means uncqual 
discharging of the two halves of the battery, but special change-over 
arrangements can be made to overcome this difficulty. There is usually 
little difficulty in providing arrangements for dealing with any problem 
arising in practice, but it will probably be generally conceded in this 
connection that it is a wise plan to have the whole of the plant from 
one firm, particularly in cases where the battery is on maintenance, 
as is common nowadays ; otherwise there may be conflicting opinions 
as to the effect of the treatinent to which the battery is subjected 
by the working of the booster. 

Balleries and Boosters for Winding Plant.—Colliery winding and 
similar work provides an opening for battery-booster plant of ап 
instantly reversible character, provided the initial cost can be kept 
down. Flywheel sets are often employed, but the large reserve of 
power in a battery would be a distinct advantage in many cases. 
There is no necessity to limit the use of this type of winding plant 
to direct-current systems, as it can be equally well applied to systems 
in which the supply takes the form of alternating current. The system 
is, of course, in competition with flywheel equalisers on both alter- 
nating-current and direct-current systems, but a flywheel, although it 
decreases the peak power drawn from a supply, cannot flatten out thc 
demand in the way a sensitive battery-booster plant can, and, where 
power is taken from a supply company and paid for on the basis of 
maximum demand, this is a point worthy of serious consideration. 

The method of using battery-booster plant on alternating-current 
systems is discussed later on in the paper. 

In the Electrician,” Mr. С. Hooghwinkel refers to electric winding 
on direct-current systems, use being made of batteries and boosters ; 
he considers that more attention should be given to this method than 
has hitherto been bestowed on it. Objection is raised to it on the 
score of cost, and certainly the method is at present somewhat expen- 
sive. The advocates of the system, however, do not claim that it is as 
cheap as others, but that the advantages of increased storage capacity 
and greater equalising capabilities of the working plant amply justify 
the extra expenditure in many cases. 

Dr. Rosenberg ł refers to the use of a special machine with a 
storage battery connected across its terminals to replace the flywheel 


* Electrician, vol. 67, p. 85, 1911. 
1 Fournal of the Institution of Electrical Engineers, vol. 46, p. 434, 1911. 
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in electric winding and hoisting engines without, however, giving any 
detailed explanation of such a scheme. 

Crompton's Winding Scheme.—Fig. 18 shows an arrangement pro- 
posed by Crompton & Co. for employment in equalising on a colliery 
winding load. 

The operation in outline is as follows :— 

The booster generator Y is, to begin with, put in opposition to the 
line voltage by means of its field-regulating and reversing switch, and 
the armatures of the winding motors M M are thus connected across a 
low voltage giving a slow speed. Those motors are provided with one 
set of ficld coils connected permanently across the line voltage, and 
another set connected between one line and the junction of the 
armatures. 

When the motors are switched in it will be seen that the latter set 
of coils is excited from the line voltage, but as the motors speed up the 
exciting voltage is decreased, being reduced by the voltage across the 
second armature. The effect of this is to give a strong field, and therc- 


Fic. 18.—Crompton's Winding Scheme. 


fore a large torque, at starting, gradually decreasing as the winding 
motors speed up. The field of Y may now be decreased, and finally 
reversed to increase the speed of the motors to a maximum. The effect 
of the series coil of the machine Y is to limit the speed of the winding 
motors, the coil being connected so as to act against the shunt coil of 
Y when the voltage of Y is added to the line voltage, and so reduce the 
voltage applied to the winding motors and increase the field due to the 
second set of coils. The series field of the generator X takes the place 
of a diverter battery booster. It acts in opposition to the shunt coil 
of X, and an excessive demand for current accordingly reduces the 
voltage of X and allows the battery to come to the assistance of the 
machine. The direction of rotation of the winding motors is reversed 
by means of a switch in the armature circuit. 

In order that braking of the winding motors may be obtained with 
a regenerative cffect the shunt field of Y is reversed, so that the voltage 
of Y again acts against the line voltage, being added to the back E.M.F. 
of the motors. "The series field of Y will, with the regenerative current, 
again act in opposition to the shunt field, and, by limiting the field of 
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Y, and therefore its voltage, will limit the гевепегацуе braking current 
supplied to the line by the winding motors. 

The author is not aware whether the foregoing scheme has been 
put to actual use, but from the method employed to make the battery 
work it is fairly obvious that, so far as equalisation is concerned, the 
results will not be of a very high order of excellence. This being 
recognised, it should be possible to keep down the initial cost, as, 
seeing that there is no very efficient means of making the battery work, 
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Fic. 19.—Battery and Booster for Winding Motors and General Supply. 


there will be little use in installing one of large capacity. The 
good features in the system may be readily obtained in other ways, 
which can be applied to schemes which render it possible to obtain 
better load equalisation, 

Entz Booster for Winding Plant.—Fig. 19 shows one way in which 
an Entz or other externally regulated booster can be employed, the 
Entz being shown for simplicity. The equalising machinery comprises 
a motor A, a machine B, which can act as either motor or generator, a 
reversible-voltage generator C and an exciter D, which is only neces- 
sary if no other source of excitation is available. The winding motors 


1911.) BATTERY BOOSTERS 319 


are shown at EE. A battery and booster are connected across B. 
Equalisation is obtained in the scheme shown in the Fig. on the 
whole of the system, the carbon regulator being responsive to small 
variations in the total power taken from the supply. 

The winding motors EE are excited by machine D, and their 
direction of rotation and speed are controlled by a reversing and 
regulating switch іп the field of C. If-equalisation is only desired іп 
the winding .load, the general supply. can ` be drawn from the main 
supply to the left of. the Entz solenoid. This method is illustrated in 
Fig. 20, which only shows a portion of the scheme, and in which the 


General Supply 


Bus Bars 


Fic. 20.—Entz Control of Winding Plant. 


battery booster is replaced by an auxiliary field on B, connected to an 
exciter F excited from the carbon regulator. The winding motors 
may be excited from the battery. 

The working of the Entz regulator has already been described, and 
a detailed description of the working of the schemes shown in Figs. 19 
and 20 15 hardly necessary. 

The same general scheme of regulation could be applied to plant 
taking its supply from an alternating-current supply scheme, suitable 
auxiliary apparatus being provided of the type described later. 

The foregoing may be taken as typical of the methods of equalisa- 
tion proposed in connection with batteries and boosters employed on 
this kind of work. 
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REGULATION ON ALTERNATING-CURRENT SYSTEMS. 


It has been already pointed out that a booster employed in conjunc- 
tion with an external automatic regulator has an advantage over the 
diverter booster in that much quicker reversal of voltage can be 
effected, due to the fact that the regulator can be so designed that a 
multiple exciting effect is obtained, the automatic action of the regu- 
lator checking the effect before over-regulation takes place. Another 
advantage is that with a good external automatic regulator the benefits 
of accumulator storage can be readily obtained on alternating-current 
systems, the main solenoids of Entz and Tirrill regulators, for example, 
being easily adapted so as to be suitable for alternating-current work- 
ing. Very little has been done in this direction in this country, due, 
perhaps, to a large extent to our proverbial conservativeness, but very 
large installations have been put down in America operating on this 
principle. Various papers have been read before the American Institu- 
tion of Electrical Engincers describing both complete installations and 
pieces of auxiliary plant for controlling the batteries. The most pro- 
minent name in this connection is that of Woodbridge, who has 
invented many exceedingly interesting pieces of apparatus, most of 
which are in use at the present time, and some of which will now be 
described. 

The use of diverter boosters, as described in the earlier part of the 
paper, is confined to direct-current systems, and regulation of alter- 
nating loads must be effected by plant controlled by an external 
regulator, although a special exciter described hereafter is worked on 
a somewhat analogous principle to that of the direct-current diverter 
booster. Regulation may be required on purely alternating-current 
systems, or on systems on which both alternating and direct current 
are employed; different arrangements have naturally to be made 
to suit the different cases. Arrangements have to be provided for 
transmitting power both from the alternating-current side of the 
system to the battery, or direct-current side, and for transmission in 
the opposite direction. The external regulator or exciter is used for 
controlling the transmitting link between alternating-current and 
direct-current sides of the system. 

Alternating-current Solenoid.—As in the case of the direct-current 
booster, perhaps the simplest arrangement is the employment of an 
Entz regulator operated by an alternating-current solenoid, responsive 
to variations in the energy component of the alternating current, the 
regulator controlling the alternating-current/direct-current transmitting 
plant. Such a solenoid is shown at F in Fig. 21. 

It consists of an iron magnetic circuit magnetised from the line 
potential difference on the alternating-current circuit, the magnetising 
coil being shown wound round the middle yoke. On the enlarged end 
of this middle yoke there is placed a movable coil, which is suspended 
from one end of the lever of an Entz carbon regulator; the coil is 
connected across Ше secondary of a current transformer, the primary 
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of which is in series with the main which has no voltage connection. 
The flux in the core splits and crosses two air-gaps to re-enter the 
centre core, and, being produced by the potential coil, connected 
as shown, will lag оо? in phase behind the line voltage. At unity 
power factor in the main alternating-current circuit the current in 
the movable coil will lag 9o? in phase behind the voltage across 
the potential coil, and hence the current in the movable solenoid 
and the flux in the air-gaps will be in phase with each other, and 
a pull will be exerted by the solenoid on the lever of the regulator, 
the pull being proportional to the product of the flux in the air-gaps 
and the current in the solenoid. If the power factor is not unity the 
pull of the solenoid will be proportional to the product of the magnetic 
flux in the air-gaps and the energy component of the current, this 


ШИИ + 
EE 
priiis 


Fic. 21.—Regulation on Alternating-current System by Watt Solenoid 
and Direct-current Booster. 


component being, of course, in phase with the flux. The wattless 
component of the main alternating-current current will have no 
effect on the lever of the regulator. The effect of the pull on the 
lever will be to operate the Entz regulator in the usual manner. An 
increase in alternating-current energy above the desired mean will 
cause the booster D to discharge the battery into the rotary circuit. 
If the energy in the main alternating-current circuit falls below the 
desired mean (this mean being obtained by adjustment of the 
regulator spring, as usual) the booster voltage will be in the chargc 
direction, and energy will be transmitted from the main alternating- 
current circuit vid the rotary converter into the battery. Other 
types of external regulator may be used in a manner similar to that 
just described. 

Motor-generators and  Converlers.—Either the motor-generator or 
the converter type of plant may be used for the transference of 
power, but the latter is more suitable where quick regulation is 
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required, as the single converter machine will respond to the control 
somewhat more quickly than will the combination forming the 
motor-generator. The boosting effect necessary to cause а trans- 
ference of energy between the battery and the load circuit may be 
obtained by the provision of a direct-current booster on the battery 
side of the transmitting plant, as indicated in Fig. 21, or an alternating- 
current booster on the load side, as in Fig. 22, which shows both 
an alternating-current and a direct-current load being regulated, the 
fields of the boosters being made responsive to small. variations in 
the load on the alternating-current and direct-current generating plant 
respectively. Details of the method of control are omitted for clear- 


| ToAC.Load 
(58D) 
Contro J 
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Fic. 22.—Combined Alternating- and Direct-current Regulation. 
Alternating-current Booster employed. 


ness. The use of a booster as indicated should prove very convenient 
in cases where the booster may be fixed on an existing converter. 
Splil-bole Converter.—In order that the auxiliary booster plant might 
be dispensed with the split-pole rotary converter was developed. This 
machine and its theory are explained in a paper by Mr. J. L. Wood- 
bridge, read at the twenty-fifth annual convention of the American 
Institute of Electrical Engineers in 1908, and of which an abstract 
appeared in Electrical Engineering.* In the ordinary converter there 
is, of course, a fixed ratio between alternating-current and direct- 
current voltages, and the object of the split-pole machine is to allow 
of a variable ratio by causing the direct-current voltage to vary in 


* Transactions of the American Institute of Electrical Engineers, vol. 27, p. 987, 
1908; Electrical Enginecring, vol. 4, р. 731, 1908. 
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response to load variations in the generating plant, while the alter- 
nating-current voltage is maintained constant, or approximately so. 
Fig. 23 is a copy of a figure іп Mr. Woodbridge's paper, and serves 
to show, in an elementary fashion, how the variable voltage ratio is 
obtained. In the case illustrated the poles are divided into three 
parts, and the flux distribution is shown roughly at a, b, c, d, e, f, 
under a pair of poles, the flux from each pole being assumed to cover 
exactly a pole-pitch. Should the excitation be altered so that the two 
outer parts of each pole are strengthened and the middle part 
weakened, the result is equivalent to the effect of such a field as 
that shown at g, h, i, j, k, l, super-imposed on the main field. The 
flux represented by the shaded area Y at л is exactly cancelled by 
an area X, and an area Z shown at g and i. The result is that the 
potential of the points P and Q remains unaffected, but the potential 
of points A and D increases, due to the overall increase in flux 
between the two points. It will be seen that the points P and Q 


FiG. 23.—Approximate Flux Distribution in Split-pole Converter. 


are 120° apart and correspond to 3-phase tappings, and points 
A and D are 180? apart and correspond to direct current-brushes. 

The effect is therefore an increase in direct current voltage without 
alteration of the alternating-current voltage. An exactly opposite effect 
on the direct-current voltage would be obtained from a strengthening 
of the middle part of the pole and a weakening of the outer parts. 

In practice there is a neutral zone at the points where the direct- 
current brushes are placed, but it is found that this, although altering 
the wave shape of the voltage curve, does not appreciably affect the 
working of the machine. 

The raising and lowering of the direct-current voltage can be 
utilised to cause a battery connected across the direct-current terminals 
of the rotary to charge and discharge, alteration of the converter field 
being made responsive to small variations in the generator load by 
means of an automatic regulator. 

The split-pole converter has also been used as a two-part pole 
machine with success, and itis found that with a 20 per cent. variation 
of direct-current voltage above and below the mean— i.e., 20 per cent. on 
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each side—the variation in alternating-current voltage is about 1 per 
cent. on each side of the mean value. Plant of this tvpe is in very 
successful operation in the Gary works of the Indiana Steel Company. 

Automatic Exciter for Allernating-current Working.—Mr. Woodbridge, 
in the paper already referred to, describes a new form of automatic 
exciter suitable for controlling equalising plant on alternating-current 
systems. The principle of this is shown in Fig. 24. The figure shows 
a 2-pole armature revolving in a 4-pole field, the two upper poles being 
wound so as to have one polarity, and the two lower ones the opposite. 
The armature windings are connected to the secondaries of current 
transformers in tlic main generator circuit, as indicated in the diagram. 
À revolving field is accordingly set up due to the alternating current in 


FiG. 24.—Automatic Exciter for Alternating-current Working. 


the armature. "This field is rendered stationary in space by the arma- 
ture being revolved synchronously in an opposite direction by means of 
a synchronous motor directly coupled to it. 

The ficld winding is connected across a constant potential direct- 
current supply, and the current in it can be so adjusted as to just balance 
the field set up by a desired value of alternating current. 

There are two pairs of brushes on the commutator, one pair being 
fixed so that the diameter joining them is in the direction of the field 
set up by the alternating current, and the other pair displaced at 9o? 
from the first pair. This second pair are short-circuited, and the 
first pair are connected to the controlling field of the cqualising 
plant. 

When the field produced by the alternating current is just neutral- 
ised by the magnet winding there is no potential difference between the 
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points C and D, but, should the two opposing fields not balance each 
other, there will be a resultant flux in the direction of the vertical centre 
line, and hence there will be a voltage between the short-circuited 
brushes. A current will therefore flow between those brushes, setting 
up a flux in the direction of the diameter joining them. This flux will 
cause an Е.М.Е. to be generated between the other pair of brushes А, В, 
which are connected to the exciter field shown at D, the booster 
or other equalising machine being, as a consequence, excited in such a 
way as to prevent further variation of the main generator load than the 
small amount necessary to upset the balance of magnetomotive forces 
and give the effect just described. The second winding shown on the 
magnets is designed to compensate for armature reaction in the exciter 
due to the current flowing to excite the controlling field D. 

Advantages of Automatic Exciter.—The following are the important 
features claimed in connection with this exciter. 


1. It acts as a multiplying device, a magnifying effect being 
obtained by the short-circuit current flowing between brushes 
Сапа D. This makes it sensitive to small changes in alternat- 
ing-current load. | 

2. By the provision of a suitable angular relation between the 
exciter armature and the armature of the synchronous motor 
which drives it. the exciter can be made to respond to any 
desired phase component of the alternating current to be 
controlled. 

3. It may be used to control the power factor of the main circuit 
if the connections to the pairs of brushes are interchanged, 
the exciter ficld winding being replaced by a field coil on 
some synchronous machine connected to the supply. Two 
exciters such as that described can be used, опе being 
employed to regulate the load on the main generating plant, 
and the other to regulate the power factor of the circuit in 
the manner fust indicated. 


Another advantage claimed for this type of exciter is that the 
automatic regulation of load can be stopped immediately by the short- 
circuiting of the current transformers, armature reaction preventing 
excessive currents even with considerable direct-current excitation. 
This isof considerable advantage as, once the apparatus has been used 
for a short time, the regulating rheostat in the separately excited shunt 
field circuit can be calibrated іп terms of the alternating-current 
generator current, so that when it is desired to put the battery into 
service as aregulator of the load it is only necessary to set this rheostat 
to a position corresponding to the load desired on the generating plant, 
and open the switch short-circuiting the secondaries of the current 
transformers. The generator current will immediately assume the value 
im posed on it by the value of the exciter shunt winding. 

Plant at Gary Steel Works.—A short description of the plant installed 
at the Gary works of the Indiana Steel Company, where the foregoing 
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apparatus is in actual use, may be interesting. There are eight blast 
furnaces, and the gas from those is practically all employed in a useful 
manner. Part of it is utilised to drive the generating plant consisting 
of fiftecn gas-driven 2,000-k.w. alternating-current sets, and two direct- 
current sets of the same output ; there are, in addition, two 2,000-k.w. 
steam turbine-driven alternating-current sets. 

The rolls of the rail mill, which has a capacity of 2,000 tons of 
finished rails per 24 hours, are driven by five induction motors aggre- 
gating 22,000 Н.Р. comprising three units of 6,000 Н.Р. and two units of 
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Ес. 25.—Showing Equalisation obtained on Alternating- 
current System. г 


2,000 Н.Р. Those few particulars give an idea of the magnitude of the 
installation. 

It has been found necessary, although the large motors have been 
provided with equalising flywheels, to install a storage battery to take 
care of the load fluctuations on both alternating-current and direct- 
current parts of the system. The battery consists of two sets of 125 
cells, each set capable of giving 4,320 amperes for 1 hour and 8,640 
amperes on the peak for regulating purposes. Regulation on the 
alternating-current load is effected by means of split-pole converters 
and Woodbridge's special exciters, and оп the direct-current load, by 
means of boosters controlled by Entz regulators, all of which have 
already been described. 

One of the most valuable results obtained by the use of the battery 
equalising plant is the increased speed and output of the rail mill, a 
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very decided reduction in output being the result of a disconnection of 
the battery. 

Fig. 25 gives some idea of the equalising effect obtained on the 
alternating-current side of the system. The generator load was 
obtained from a wattmeter suitably connected and is represented by 
the heavy line. The light line was plotted by the addition of the 
battery output and input read at intervals of 5 seconds. 

It may be mentioned that the patent rights for all the apparatus 
described are held by firms in this country, and that its use need not be 
confined to America if there are openings here. 
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Fic. 26.—Alternating- and Direct-current Plant at Hucknall Collieries. 


Alternating-current Colliery Plant.—There 15 installed at the 
Collieries, Hucknall Torkard, Nottinghamshire, an alternating- 
current/direct-current plant, including a battery-booster equipment ; 
but this differs from that just described in that the booster is of the 
Lancashire diverter type, and only equalises on the direct-current load. 
The scheme of connections is shown in outline in Fig. 26. Surplus 
power available at No. 2 pit is used to drive a motor-generator set, the 
machines composing which are alternating-current motor, direct-current 
generator, and battery booster. 

The power load at No. 2 pit is alternating current, and that at No. 1 
pit is direct current, whilst the lighting at both pits is alternating 
current. The action of the booster is to tend to preserve a constant 
load on the direct-current generator of the motor-generator sct, and 
thus a constant output from No. 2 pit to No. 1 pit. 
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The direct-current generator current being set to a suitable value, 
the battery may be left in a high state of charge at suitable times, and 
used to supply all the power load at No. 1 pit, and, by means of 
suitable arrangements, the lighting load at both pits. An account of 
the plant appears in a paper read by Mr. William Maurice before 
the Institution of Mining Engineers in June, 1910.” 

In this installation the advantages of accumulator storage have been 
recognised, and are made use of in the working of the system, but 
better equalisation of load could easily have been obtained by the 
provision of such a scheme as is indicated in Fig. 22. 


PRACTICAL RESULTS. 


Pirani Booster.—The following figures, Table I., are taken from the 
Engineer for April 14, 1011,4 and give the results obtained from a 
Pirani booster, the readings being taken over a period of half an hour. 


TABLE I. 

| ist Test. | 2nd Test. | зга Test. 

| Maximum line amperes... б 4,500 | 3,210 ж 3,600 
Mean line amperes is dus 2,875 1,650 2,150 
Minimum line amperes... ai I,IIO 475 700 
Maximum generator amperes ... 3, ‚боо 2,050 2,600 
Mean generator amperes nan 2,700 1,625 2,075 
Minimum generator amperes ... 2,125 1,100 1,325 
Maximum busbar voltage e 765 767 5 
Mean busbar voltage ... eus 750 750 750 
Minimum busbar voltage PS 738 738 740 


It will be noted that the variations in generator current are respec- 
tively 1,475 ampcres, 950 amperes, and 1,275 amperes from minimum 
to maximum, and the corresponding variations in busbar voltage are 
respectively 27 volts, 29 volts, and 25 volts. Those figures indicate 
anything but perfect regulation, and are poor in comparison with 
results obtained with other boosters. 

Entz Booster.—The figures given in Table II. were obtained from a 
test made in a works where a battery and ап Entz booster were used to 
equalise on the total load. The first part of the test was made with 
one generator working during the day, and two at night when the 
lighting load came on, and the second part with the battery-booster 
plant and one engine only in use over the whole period. Some time 
after the tests were carried out extensions were made which would 


* [ron and Coal Trades Review, vol, 80, p. 879, 1910. 
t Engineer, vol. 111, p. 375, 1911. 
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have necessitated the running of two engines day and night, and, had 
a test been made then, the saving due to the equalising plant would 
have been even more marked. The load was of an exceedingly highly 
fluctuating nature, worse even than a traction load, and, taking into 
account the reduction in wear and tear of the generating plant, in 
addition to the coal saving, a very few years will be necessary for the 
battery and booster plant entirely to repay the capital initially put 
out on it. 

It will be observed that, as the second generator was only required 
for about one-third of the running time of the first part of the test, the 
conditions of load were not the most favourable to show the maximum 
economy made possible by the battery and booster plant. The 
generator which ran through the whole of the first part of the test was 
the one used with the booster. The engines were of the high-speed 
non-condensing type. 


TABLE II. 
. Steam per 
. Duration | Total Average | Steam per | р 
Running Plant. of Test. Units. | Kilowatts. Hour. EOS 


T wo generators si 138 8,536 | 6185 | 3,735 | 6043 


One generator Nun 6 
ыды, and booster 3 


8,330 | Ór25 | 2,649 | 4325 


_ 
| Hours Lbs. Lbs. 


One generator ran 48 hours and one the whole 138 hours. 

From the above the saving in steam per kilowatt-hour is 17°18 lbs. 
or 28°4 per cent. 

In the Electrical Review * it is stated that at Greenock Corporation 
Electricity Works, where the traction load was about # of the total 
load on the station, the installation of an Entz booster and battery 
reduced the coal per unit generated from 6} lbs. to 5 Ibs.—that is, made 
a 20 per cent. saving in the total coal bill. It was estimated that the 
plant would pay for itself in from 3 to 4 years. 

In another traction station, where the generating plant consists of 
Diesel oil engine sets, the installation of a Lancashire booster and a 
battery made a reduction of 18 per cent. in fuel consumption. 


SUMMARY OF CONCLUSIONS. 


In a brief review of the paper, it may be observed to begin with that 
in the installation of a battery and booster on a highly fluctuating load, 
both the generator and battery are operated under satisfactory con- 
ditions, for it is a fact that batteries working under such circumstances 


* Electrical Review, vol. 59, p. 179, 1906. 
Vor. 48. 2 
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usually remain in very good order indeed. For example, the battery at 
Greenock already referred to was not on maintenance, and was in use 
for six years before any money was spent on it, and then it only 
required cleaning out. 

With regard to the boosters there can be little difference between 
the actual practical results obtained from the use of those of Class (B) 
and the Lancashire booster in Class (A). The other members of 
Class (A) described in the paper certainly cannot be so satisfactory as 
those referred to. Of course, there are the difficulties introduced by 
the running of compound generators and the effect of a high state of 
battery charge, but those can to some extent be avoided. If the booster 
gives fairly satisfactory results the compounding of the generator 
can be reduced, and there is usually little occasion to run the generator 
at such acurrent and for such a time as to give the effect shown on 
the chart in Fig. 8 due to the high state of charge of the battery. 

The fact remains, however, that boosters of Classes (A) and (B) must 
be more sluggish in action than those of Class (C), certainly more so 
than those of this class in which an overshooting effect, suitably 
checked, can be arranged for, even although an additional link is 
introduced into the system in the form of an exciter. The exciter in 
boosters of Class (B) do not, of course, enter into the question, as 
their fields are not reversed during working. Where considerations 
of field copper are the cause of an exciter being used with a Class (A) 
booster the sluggishness becomes still more pronounced. 

The main factor causing the lag in diverter boosters is, as already 
pointed out, the use of the diverter itself. When a variation, say an 
increase, in line current occurs, the first increment must perforce come 
from the generator, and the diverter being non-inductive this incre- 
ment may be, and usually is, very considerable, since, as has been 
shown, there is a great difference between the initial rate of rise of 
current in the diverter and that in the diverter coil in parallel with it. 
It is obvious, too, that, right ‘through the entire action, the booster 
voltage is dependent ona previous variation in line current, and the 
above-mentioned effect has continually to be reckoned with. This will 
help to make it clear why lamination of the entire field system of such 
boosters is considered by many to be absolutely essential. 

There can be but little doubt, therefore, that externally regulated 
boosters are quicker in action than those of the other classes, even 
. without the refinement of laminated fields, and with the addition of an 
exciter. The curves shown in Fig. 27, for example, were obtained by 
the use of a booster and exciter provided with standard laminated 
poles, and standard solid cast-iron field frames. A comparison between 
the various generator current charts and figures will be interesting in 
this connection.* 

With regard to the respective merits of the boosters in class C, 
but little can be said as far as regulation obtained is concerned, the 


* Fig. 28 shows the chart illustrating Mr. жагар paper of 1906 already 
referred to on page 300 
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Entz booster being the only one which has been used to any extent in 
this country. It will be seen that it possesses the great advantage of 
extreme simplicity and the other equally important advantage that it 
employs absolutely no moving electrical contacts, and those are points 
which, coupled with the fact that it produces such generator charts 
as those shown in Fig. 27, provide a strong argument in its favour. 


DISCUSSION, 


Mr. J. S. HIGHFIELD: The author refers at the beginning of 
the paper to the general use of batteries, and amongst other things 
to the fact that to-day lead storage batteries can be provided 
and maintained at a comparatively low cost. I quite agree that 
that is a fact. The lead storage battery to-day is an exceedingly 
good piece of apparatus, provided it is suitable for the output. 
But I would like to say, before leaving this part of my remarks, 
that I wish the makers of batteries would devise some method of 
charging for maintenance that is not on the principle of the present 
Insurance Bill, that is to say, that the healthy people should pay for 
the sick ones. I have a great number of batteries under my own 
charge, and I take immense care of them; I pay very high sums for 
their maintenance, and I always feel that I am paying for the people 
who use their batteries less carefully. With regard to the use of 
boosters, if the curve of a battery charging and discharging were a 
straight line, so that the battery took its charge at a few volts above the 
pressure at which it gave out the discharge, the design of the automatic 
booster would be a perfectly simple matter, because all that would be 
necessary would be to deal with the increased volts that are required 
when the discharge is given, which would be on the assumption 
proportional to the line current. The difficulty of designing an auto- 
matic booster is that the battery curve of charge and discharge, the 
time and volts curve, is not a straight line, and that, further, the curve 
turns up very quickly, as every one knows, when the battery comes to 
its final state of complete charge. To deal with this varying curve it 
is necessary to employ the various devices that the author has de- 
scribed—the device of the constant-pressure exciter and the various 
external regulators that he has referred to. My own view is that in 
designing a booster for practical work it is advisable not to take 
account of the extreme end of the charge curve. I think that in 
working a battery, particularly on loads where variations occur, it is 
essential, and certainly it is economical, to work the battery at a 
moderate state of charge, and to complete the charge only at the end 
of the day's run, or at some time when the load diminishes and more 
attention can be given to the work of charging. I do not think it is 
necessary to design a booster to keep constant load on the generator 
when the battery is absolutely fully charged. As a matter of fact, there 
are very few boosters which will work in that way, and fortunately, 
as I say, it is not necessary. The automatic booster is required 
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to deal with two classes of loads: loads that vary comparatively 
slowly, and loads that vary with great rapidity, such as winding 
loads ; and the problem is, which of the two should be employed? For 
instance, in the Thury regulator, an external regulator, the regulation is 
perfectly satisfactory as long as the variations in the load are slow, but 
when the variations become exceedingly rapid then the Thury regulator 
is not sufficiently quick, and other forms of regulator work in very 
much the same fashion. In dealing with very rapid variations the 
author has referred to the fact that the diverter is not altogether 
satisfactory, and I agree that as usually designed that is the case. 
The current growing very rapidly in the external circuit flows 
through the diverter and coils in parallel. The diverter is usually 
non-inductive, and consequently the current increases in the 
diverter at a greater rate than it increases in the circuit around 
the booster fields. What should be done is to make the diverter 
inductive or to use resistance metal having a positive temperature 
coefficient. It is a very simple matter to wind the resistance 
on an iron core, and by that means the growing current in the external 
circuit is deflected round the fields of the booster. That, I think, 
would be a satisfactory solution. I say “I think” because I have 
not used such a diverter in connection with boosters, but I have used 
it in connection with series-wound generators, and I find that for this 
purpose it works in a satisfactory way. In dealing with very rapidly 
varying loads it is most useful to put a heavy flywheel on the booster 
itself, because the load on the motor driving the booster must vary 
with great rapidity in order to deal with the extra load that comes 
upon it. A flywheel makes all the difference between successful 
working and non-successful working. Laminated fields enable the 
booster to respond more rapidly to the variations of pressure and of 
load than boosters with unlaminated fields, and it is clearly impossible 
when the current changes very rapidly to make the field strength change 
at the same speed unless they are laminated. But in practice with 
multipolar machines the ordinary laminated poles are, I think, suffi- 
cient. With bipolar machines it is essential to laminate throughout. 
I think іп considering the design of boosters it is very essential that 
they should be designed so that the connecting up and the adjustment 
are simple matters. If a station is designed for dealing with fluctuating 
loads—tramway loads and power loads of various sorts—I am not in 
agreement with the practice of using compound generators ; if it is 
decided from the first to use a battery and automatic booster in this 
case the generators should be shunt wound. They are quite able to 
to deal with the small fluctuations that under these circumstances come 
upon them; the pressure is quite sufficiently constant, and the use 
obtained from the battery and booster is very much greater than when 
the generators are compounded and operating difficulties are less. 

Mr. А. M. TAYLOR: I desire to consider the question rather from 
the point of view of the central station engineer. I think we want to 
differentiate quite clearly between “instantaneous” and what I may 
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call “time” peaks. In the case of time peaks we want perhaps to lop 
off the peak of a load curve at the central station which occurs for an 
hour or two at one part of the day, and drop it into a valley on the 
load curve which occurs at another part of the day. But automatic 
devices are arranged to deal with successive peaks and valleys fol- 
lowing one another exceedingly rapidly, and no doubt an automatic 
booster is a very valuable arrangement in a case like that. I 
cannot, however, quite see how the author makes out that there 
is a saving of 10 to 15 per cent. by adopting an automatic booster 
where a battery has already been employed without a booster. It 
is hardly possible to conceive that the individual momentary varia- 
tions produced even by a traction load, for example, would be any- 
thing in the nature of a large percentage of the whole load. It is 
only when we come to the very large momentary loads, such as 
are got in alternating-current stations which have heavily loaded 
motors of several hundred horse-power thrown on, that that occurs, 
An important question arises, if we are going to use a battery for 
central station supply, as to whether that battery is going to be tied 
up to the busbars absolutely for good or for bad, or whether it is 
going to be cut off automatically at the critical moment when perhaps 
it is most wanted. As far as I know, in the largest installation in 
this country directly the load reaches 15,000 amperes the automatic 
circuit breaker comes in and cuts the battery off from the busbars, 
not so much, I take it, to save the battery as the boosters. In Bir- 
mingham Мг. Chattock is proposing to take the opposite course; 
we are proposing to tie the battery up to the busbars for good or for 
Бай; and if a sudden unexpected load of 17,000 or 20,000 amperes 
comes on, as we might have with the regular direct-current load on 
our system in times of peak load—if everything else went down, as 
sometimes it has a habit of doing—we want the battery to stand up to 
the busbars absolutely. We are proposing to introduce a large auto- 
matic short-circuiting switch, which is all but closed, so as to get 
rid of the difficulty of moving the mass of the switch over a long 
distance. It will only have to close through a very small angle; it 
will clap the battery on to the busbars and cut out the booster. It 
would be interesting to know how an automatic booster would behave 
under this test. The booster has to be protected somehow from being 
damaged from that short circuit ; and to do that we are proposing to 
design the booster so that it will stand up—in fact we are proposing not 
to accept the booster until it will stand up—to tests corresponding to 
short-circuiting the booster, previously wiping out the field of the 
booster, and cutting off the motive power, so that the short-circuit 
current is reduced to safe dimensions. It is much cheaper, I think 
you will find, to design a booster which has got to carry a “short 
circuit" current for, say, one quarter to half a second, than to design 
a booster which has to carry the line current, the same current prac- 
tically for, say, 3 minutes. Then we come to the question of the 
cost of the booster itself. I think if we are not careful, for central 
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station work at any rate, we may find ourselves getting landed into 
difficulties owing to the cost of the booster. Where there is a single 
booster upon which to carry the charge and discharge over rather 
wide limits, the cost is a very serious matter, and I think that unless 
we adopt some such method (viz., series-parallel connection of the 
boosters) as I have formerly described, we shall get into difficulties 
in competition with regulating cells. In Germany regulating cells 
have come along very fast, and there are now many very perfect 
forms of regulating switches for working in conjunction with supply 
circuits ; these switches are coming into this country. British manu- 
facturers of boosters will, I think, have to look to their laurels, be- 
cause if they stick to their present methods of booster control they 
will find that the cost of the booster plus the battery is really slightly 
more than the cost of the regulating cells plus the battery. It is only 
by adopting some such method as I have suggested, which reduces the 
power of the booster by something like 70 per cent., that it is possible 
really to compete successfully with Continental methods. I do not 
see that there is any difficulty in applying the series-parallel method 
to automatic boosters, provided we can get a suitable turnover switch 
—one that will enable us to turn over at particular times, when occasion 
requires, from one connection to the other. I think it is quite prac- 
ticable to design such a switch. As regards the value of the saving 
introduced by the battery, in the paper I read a year ago,* I think I 
may claim to have shown there that, for a triangular peak, having a 
base of about 2 hours, the saving works out, as compared with extra 
steam plant, all things considered, at about £1 per kilowatt per annum ; 
and if the peak has a 4-hour base, the saving works out at about ros. 
(ten shillings) per kilowatt per annum. From that it would be expected 
that when we come to short peaks like those discussed in the paper, 
the saving would run up rapidly, but this is not so, because the kilowatt 
output of the cells does not run up proportionally as the time is 
reduced, and we үсгу soon come to a limit where the safe current for 
the cell, and for the booster, is such as to limit the output of the battery, 
and we get no further saving. No doubt, shorter “ time” peaks than the 
above will show a greater saving than Жі per kilowatt per annum 
where they would be sufficiently severe to cause serious engine losses 
if there were no battery. It must, however, be remembered that if 
they are. only of very short duration, no saving can be credited to 
the battery on account of boiler plant or boiler stand-by losses. The 
above figure is, I believe, quite safe to employ for “ бте” peaks where 
we are dealing with a motor load ; but not for a pure lighting load, 
which is dependent upon fogs and requires a large margin in the 
battery. But where we have a motor load, where the coming on or off 
of a fog does not alter the distribution of the load, I think we are 
quite justified in stopping for a time the installation of any further 
steam plant in a station which is getting filled up, and putting in 
batteries for taking up part of the load, and I believe that thc above 
* Procecdings of the Institution of Electrical Етріпеетз, vol. 47, p. 393, 1911. 
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saving will then be realised. As regards automatic boosters for alter- 
nating-current systems, I do not think there is a great scope for them 
on our large systems of alternating-current general supply. In Bir- 
mingham we started first of all without any automatic regulator for our 
alternating-current heavy loads. We have got there some individual in- 
stallations up to 1,000 k.w. We very soon found that we had to have a 
Tirrill regulator, because of the fluctuations of the loads, but I do not 
think the economy introduced by having that regulator would have paid 
for a battery. I think that, so far as economy is concerned, we have been 
doing quite right in going on without any battery on the alternating- 
current side when it is merely a question of regulation for instantaneous 
peaks ; and it is only in cases such as winding installations, or in 
stations with an irregular load at various parts of the day, that it is 
absolutely indispensable to have a battery. There is just one more 
point to which I should like to refer. Where the question is one of 
improving the power factor of alternating-current supply by using 
synchronous machinery in conjunction with a battery, i.e., using the 
battery to find a load for the synchronous machines, so that the песев- 
sary leading current сап be got out of the synchronous machines without 
having to build a large machine for the purpose, I think that, if we have 
alternating-current apparatus in a sub-station so acting that a change of 
the power factor first of all affects the excitation of the synchronous 
machine, and, secondly, operates on one of these types of automatic 
boosters to compensate for the change in voltage caused by varying the 
excitation of the machines (so that the battery still goes on charging 
and the current keeps more or less constant), we have then a sort of 
ideal way of compensating for the power factor, and one in which we 
have the energy stored up in the battery and available for the time of 
peak load if necessary. 

Mr. H. Вовсе : With reference to the Pirani type of booster, where 
the B coil is excited from the battery and is consequently weakened 
when discharge takes place, it is stated at the bottom of page 289 that 
there is nothing to limit or prevent the discharge increasing without 
end, and the battery tends to take the whole load off the generator. 
This statement is not at all correct. In practice in a properly designed 
booster of this type, especially if constructed with interpoles, there is 
present to hand a convenient and easy method of entirely overcoming 
the difhculty mentioned. This is done by setting the brushes forward, 
so that an armature action is set up which demagnetises the field and 
reduces the booster volts by a fixed amount for, say, every 100 amperes 
flowing in the armature. ‘his effect is augmented by the presence of 
the interpoles. The brushes can be adjustcd to suit any conditions 
permanently, and the arrangement is very effective, because the rise in 
the current of the booster armature is a great deal more rapid than any 
rise ог fall of the current in A or B coil. If we make these adjustments 
the two-coil type of booster gives such good results that the extra 
complications which have been introduced into other types of boosters 
are really not worth having, and they only cause unnecessary sluggish- 
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ness. The addition of the coil marked D merely reduces the diverter 
size and the field copper on the booster, and this appears to be the 
only reason for adopting it. With reference to Mr. Highfield’s remark 
that a shunt generator should be adopted when a battery and booster 
are contemplated, although it is very desirable it would hardly do in 
the case of traction work, where over-compounding is nearly always 
necessary, and there are no means of making a shunt machine over- 
compound. On page 317, Fig. 18 is put forward as representing a 
Crompton winding scheme with an equalising battery. The diagram 
and description represent fairly accurately the action, but the whole 
thing really boils itself down in practice to the following sketch : 
Taking the case of a 3-phase supply, the 3-phase motor A drives 
the double machine B, which is a form of C.M.B. converter, with 
the lower portion across the battery. The upper part forms with the 
lower part a Ward-Leonard motor-gencrator, and operates the 
winding motor on the up-and-down boosting principle, that is to say, 
at starting the top portion opposes the battery and reduces the voltage 
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on the motor, whereas at full speed this part boosts up the battery 
voltage to twice the amount. The author states that such an arrange- 
ment cannot Іс made to equalise the load very satisfactorily. I cannot 
agree with him, because by suitable series winding on the lower part 
of the double machine—this series winding being in series with the 
winding motor—the plant can be made to take a constant load from 
the mains continuously within шо per cent. of the normal. There 
scems to be a rooted objection by colliery engineers to put in batteries 
at all, and it is hoped that this paper will induce some of them to give 
the matter a trial. 

Mi. B. M. JENKIN: There are one or two points to which I should 
like to refer. The question of time lag is certainly a most important 
one in the diverter type of booster. Before the Entz booster came out 
I had some experience of a booster of adiverter type, and I experienced 
great difficulty in trying to get the lag reduced. I failed to do so for 
the very reason explained in the paper, but luckily in that case it did 
not matter. It was at a sub-station where the battery and booster 
were working in parallel with motor-generators. The load was an 
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extremely rapidly fluctuating one, being a railway load, and what 
really happened was that the momentary increase in current when it 
came on was supplied by the generators of the motor-generator plant. 
They took the momentary increase of load, sometimes going up to 50 
per cent., even in emergency up to тоо per cent. overload for a second 
or two, while the booster was picking up its field and making the 
battery give the overload. But we found that this momentary over- 
load on the generators did not matter; the machines were designed to 
take it without sparking at the commutators, and being for such a short 
period the heating effect was practically negligible. For that reason 
the lag of the booster did not matter luckily, because we could still run 
the motor-generators at full output and let them take the momentary 
overload for a second or two. But it occurred to me afterwards that 
we might have gone to a considerable amount of unnecessary expense 
in putting in a booster with a very small time lag. We went to the 
expense of laminated fields and separate exciters, and all the complica- 
tions to be seen shown on the diagrams, with the very object of getting 
the motor-generators uniformly loaded and making all the peaks come 
on the battery. We did not entirely succeed, but it did not matter. 
We might, however, have saved perhaps a great deal of expense on the 
booster by frankly admitting beforehand that we would let the motor- 
generator plant take the momentary peak so long as the time lag was 
limited to a period that prevented the over-heating of the motor- 
generator plant when run at full load between the peaks, I hope the 
author will give us, if he has not done so already in his paper, some 
comparison between the actual time lag that occurs between the 
diverter type of booster and the separately regulated booster as in the 
Entz type and the Tirrill type. There is no doubt that the diverter 
type of booster involves a considerable complication and expense. 
There are laminated fields; usually a separate exciter; a diverter 
resistance, and very heavy leads between the diverter and the booster 
field. That circuit through the booster has to be kept of low resistance 
in order to keep the diverter of low resistance, and therefore not lose 
much power in the diverter. All that runs to great expense. If that 
type of booster is compared with the one controlled by the Tirrill 
regulator it will be seen that in the latter we have a plain generator 
with a shunt field without any series winding—in fact, the simplest 
arrangement so far as the booster is concerned that can be got ; it is 
simply a generator with a shunt field. It is clear that as the size of the 
battery is increased—and it is now the fashion to put in bigger and 
bigger batteries in stations to take the peak load both momentarily and 
for longer periods—the size of the booster increases, and thercfore the 
cost of it increases; and if as good results can actually be obtained 
with the Tirrill regulator as with the diverter type of booster it would 
seem that the booster with the Tirrill regulator is going to be the 
better on account of the cost. I think if the author can give us some 
comparative figures as to the cost of the different types of boosters it 
would be of much value. There is just one other point I want to refer 
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to, namely, the question of compounding traction generators when 
worked in parallel with a battery and booster that are supposed to 
keep the load on the generators constant. If the battery booster 
does its work properly there is no fluctuation in current on the main 
generator to make it over-compound. І tried in one case an arrange- 
ment which, on the whole, worked quite satisfactorily, and which con- 
sisted simply in putting the series winding of the generators not in the 
generator circuit, but in the main return circuit. The fluctuation of 
current in the main return circuit over-compounded the generators, but 
the current through the generator armatures could remain constant. 
The battery with its booster take the fluctuations of load so as to main- 
tain the generator armature current constant, but the fluctuation of 
current in the generator series winding alters the generator voltage so 
as to give an over-compounding effect. 

Mr. G. C. ALLINGHAM (communicated) : The author has given a very 
complete description of practically every known type of automatic rever- 
sible booster ; but I am unable to agree with his explanations of the work- 
ing of many of the boosters. For instance, he has placed the Highfield 
and E.C.C. boosters in a class by themselves, although, as I shall show 
presently, they are merely varieties of the differential type, while, on 
the other hand, he has included the Lancashire booster with the 
differential boosters, although the former works on an entirely dif- 
ferent principle. I would suggest that a better way of classifving 
automatic boosters would be as follows : (1) Boosters of the diffe- 
rential type, the essential principle of which is that they give a boost 
approximately proportional to the current by which they are con- 
trolled. These boosters are controlled by the line current, and have 
no direct tendency to keep the generator current constant: thev 
only do so more or less imperfectly as the incidental result of giving 
a boost which is approximately proportional to the line current. 
This class would include, besides the plain differential booster, the 
Highfield, Pirani, Crompton, and E.C.C. boosters. (2) Boosters which 
are controlled on what might be called the equilibrium principle ; 
with such a booster any variation in the value of the current by 
which it is controlled produces a disturbance of the equilibrium of 
the controlling system, which is thereby set into operation and con- 
tinues to operate until its equilibrium is restored, and therefore 
always tends to keep constant the current which controls it. These 
boosters are controlled by the generator current and have an inherent 
tendency to keep the current drawn from the generators constant 
under all conditions. In this class would be included the Lanca- 
shire booster, as well as those controlled by the various kinds of 
external regulators, such as the Entz, Tirrill, Taylor-Scotson, Brown- 
Boveri, and Tilney. 

I also cannot agree with the statement made in the paper that 
a plain differential booster with its separately-excited or shunt coil 
connected across the battery, instead of across the busbars, as shown 
in Fig. 2, is unstable in working. It is true that when, owing to an 
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increase in line current, the series field A increases and causes the 
battery to discharge, the separately-excited field B at the same time 
diminishes slightly, owing to the drop of voltage of the battery ; this 
decrease of field B is, however, very small compared with the increase 
in field A, and is quite incapable of causing any “ building-up” effect. 
This may, perhaps, be seen most readily by taking a numerical 
example. Suppose, on a 500-volt system, a sudden increase in the 
line current increases the series field of the booster so as to give 
the machine a voltage of 50 in the discharge direction, thus caus- 
ing the battery to discharge and its voltage to drop by 50 volts, 
ог їо per cent. This reduces the strength of the separately-excited 
field B by 10 per cent., and increases the voltage of the booster 
by то per cent. or 5 volts; the discharge is increased and the bat- 
tery voltage drops 5 volts or 1 per cent., which produces a further 
increase of І per cent. in the booster volts, a further drop of Ұр per 
cent. in battery volts, and so on. The effect thus dies away very 
rapidly, and the maximum value which the booster voltage can reach 
is 50 (1 + vg + 130 +---), OF 55°56 volts. As the battery voltage always 
drops by only a small fraction of its value, the increase in booster field 
is always represented by a rapidly diminishing series of this kind, so 
that it is impossible for the booster field to increase without limit, as 
stated in the paper ; as a matter of fact, it is found in practice that it 
makes very little difference to the working of the booster whether the 
separately-excited coil is connected across the busbars or the battery, 
and that the latter arrangement certainly does not render the booster 
unstable in working. | 

The case is different, however, when a third or self-exciting coil is 
connected across the brushes of the booster itself, as shown in Fig. 3 in 
the paper. In this case the voltage of the booster can increase without 
limit, as may be seen by taking another numerical example. Suppose a 
sudden increase in the line current to produce an increase in the series 
ficld A (Fig. 3), sufficient in itself, without the assistance of the self- 
exciting coil, to give a boost of 10 volts in the discharge direction, and 
that this potential difference of 10 volts applied to the self-exciting coil D 
increases the voltage of the booster by a further то volts. The total 
voltage of the booster is then raised to 20 volts, the potential differ- 
ence across the self-exciting coil is raised by то volts, the voltage of 
the booster is raised another 10 volts, and so on without limit until 
the fields approach saturation. If the self-exciting field were made 
proportionately stronger, as compared with the series field, the booster 
voltage would increase more rapidly still. If, on the other hand, the 
self-exciting field were made weaker, the booster would no longer 
build up without limit, but it can readily be seen that the com- 
pensating value of the self-exciting field falls off rapidly as it is 
made weaker in proportion to the series field, and if it is made 
weak enough to avoid all risk of instability under any conditions, 
it has but little effect on the regulation of the machine, so that 
there is in practice little or no advantage in employing it. It is, 
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no doubt, for this reason that Messrs. Crompton have for some years 
past given up making boosters of the “three-coil” differential type 
(which is nevertheless described by the author as the “Crompton” 
booster), and now make the type of booster shown by the author in 
Fig. 2, and called by him the “Pirani” booster. 

The author, by the way, is mistaken in stating that iron-aluminium 
cells are employed with the Pirani booster for the purpose of limiting 
its instability ; as a matter of fact, they are employed for an entirely 
different purpose—namely, for rendering the characteristic curve of 
the booster unsymmetrical on either side of zero, so that the state of 
charge of the battery may be compensated for by a hand adjustment. 
The iron-aluminium cells are connected up in a different way to that 
shown by the author in his Fig. 4 ; in fact, in the arrangement shown 


с 
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by him the iron-aluminium cells would have no effect, and the result 
would be the same if these were omitted altogether, and one of the 
rheostats were inserted permanently in the exciter circuit. 

The Highheld booster, when worked with a battery which is taking 
the whole load by itself, no generating plant being run, is controlled 
primarily by the line volts, which it always tends to keep approxi- 
mately equal to the exciter volts. If a series-coil connected in the 
line circuit be employed, its effect is merely to compound the booster 
so as to compensate for drop in the line. When working in parallel 
with generating plant, however, the Highfield booster cannot be worked 
satisfactorily in this way, and under such conditions it 1s controlled 
by the field coil in series with the line, which then no longer acts asa 
mere compounding coil, but converts the machine into a differential 
booster controlled by the line current. In the ordinary differential 
booster the series field is balanced by an opposing separately-excited 
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field ; іп the Highfield booster a corresponding balance is obtained by 
reducing the voltage of the exciter below that of the line by such an 
amount that the difference of the line voltage and the exciter voltage 
applied to the coil B (see Fig. 6 in the paper) will produce a field which 
is equal and opposite to that of the series coil A when the line current 
is equal to the desired gencrator current. By reference to Fig. 6 it can 
readily be seen that the exciter coil B is connected across the exciter, 
the generator, and the booster in series in the circuit which I have 
marked P ORS T V on Fig. B, which is a copy of Fig. біп the paper ; 
the voltage applied to the coil B is therefore equal to the algebraical 
sum of the voltages of these three machines. Of these the exciter 
voltage and the generator voltage are practically constant, and the 
excitation of field B is thus the resultant of two elements, one of which 
is constant and the other proportional to the booster voltage. The first 
of these elements is equal to the algebraical sum of the exciter voltage 
and generator voltage, and produces in coil B a field equal and opposite 
to that of coil A ; this element is the exact equivalent of the separately- 
excited field of a differential booster. The second element, which is 
proportional to the booster voltage, is the exact equivalent of the self- 
exciting field of the “ three-coil" differential booster in Fig. 3, and has 
the same tendency to increase progressively. For suppose, owing to 
an increase in line current, the battery begins to discharge : the battery 
voltage drops, the booster voltage increases, the field B is increased by 
a corresponding amount causing a further increase in the booster 
voltage, an increase in the discharge and a corresponding drop in 
battery voltage, the field B is increased again, the booster voltage is 
further increased, and so on. The machine thus has a tendency to 
“build ир”; if the series coil is made weak, and the exciter voltage 
made nearly equal to the line voltage, the self.exciting effect is 
increased and the working of the machine becomes unstable. If, on 
the other hand, the series coil is made strong, and the voltage of the 
exciter is reduced considerably below that of the line, the compensation 
is but little better than that obtained with the plain differential booster. 
The Highfield booster, when working under these conditions, is thus 
the exact equivalent of a “three-coil” differential booster, the functions 
of the separately-excited and self-exciting coils being combined in the 
single coil B by the agency of the exciter ; it is regulated in the same 
way and shares all the defects of the “three-coil” differential booster, 
including its instability. 

The E.C.C. booster is the exact analogue of the “three-coil” 
differential, the potential-control element in the Highfield booster 
being entirely absent. The functions of the separately-excited and 
self-exciting fields are again combined in coil B (Fig. 7), the voltage 
across which is equal to exciter voltage + booster voltage; the ex- 
citer voltage produces an element in the excitation corresponding to 
the separately-excited field, while the booster voltage produces an 
element corresponding to the selt-exciting field. This booster has 
exactly the same properties in every respect as the “ three-coil" diffe- 
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rential. The analogy between the Highfield, the Е.С.С., and the 
‘“three-coil” differential boosters may be illustrated in another way. 
In Fig. 6 the potential difference between points P and Т (7.е., the line 
voltage minus exciter voltage) is constant ; the same effect would there- 
fore be obtained by connecting P and T together, the exciter being 
dispensed with, and adding another coil excited by a constant voltage 
and having the same magnetising effect as that produced in the coil B 
by the voltage between Р and T. We then have the “three-coil ” 
differential booster. Or, again, the same effect would be produced by 
connecting between the points P and T an exciter generating a constant 
voltage equal to the difference of potential between P and T; we then 
have the E.C.C. booster. 

The Lancashire booster, although it bears a superficial resem- 
blance to the “three-coil” differential booster, really works on an 
entirely different principle. Its series coil is connected in the gene- 
rator circuit instead of in series with the line, and that, although 
apparently a trifling change, entirely alters the way in which the 
machine works. When the gencrator current is at the desired mean 
value the series field A (Fig. 5) balances the separately-excited field B. 
If the outside load increases the generator current is increased at first ; 
this raises the series field of the booster and produces a discharge boost ; 
as soon as the booster begins to give voltage the self-exciting coil D 
connected across the brushes is excited and raises the booster voltage, 
this again increases the self-exciting field, which continues to “ build 
up," as in the case of the “three-coil” differential booster. But mark 
the difference. As the discharge boost increases the battery takes the 
load and the generator current drops back. Supposing it were to drop 
below its original predetermined value, field A would become weaker 
than field B, and the resultant of these two fields would reverse and 
oppose field D and would resist its building up, for the more field D 
tended to build up and cause load to be taken off the generator the 
greater the opposing differential field (B—A) would become. The 
result is that the building up of field D is limited, and can only con- 
tinue until the generator current is restored to its normal value ; as a 
matter of fact the generator current cannot actually be brought back 
quite to the normal value, as field A would then cancel field B, and 
there would be no resultant field to determine the excitation of the 
self-exciling feld D. Hence the generator current is always a little 
above the normal when the booster is giving a discharge boost, and a 
little below the normal during a charge boost. In other words, the 
generator must of necessity take a proportion of the fluctuations of the 
outside load ; but if the booster is properly adjusted this proportion is 
very small, the variations of the generator load being only a few per 
cent. of the variation of the outside load. The self-exciting coil, which 
produces instability in the differential boosters, does not do so in the 
Lancashire booster, which is perfectly stable in working under all 
conditions. On page 292 of the paper it is stated that with diverter 
boosters the diverter resistance should be fixed, and that the generator 
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current should be adjusted by altering the separately-excited field 
only. This is theoretically correct for differential boosters, but with 
the Lancashire booster, on the other hand, it is theoretically correct to 
adjust the generator load by adjusting the resistance of the diverter, 
and to keep the separately-excited field constant. 

The author makes a great point of the simplicity of the Entz 
regulator, but the simplicity of its internal connections 15 of small 
importance compared with the complexity of the external connections 
required with it. In the author's diagram the regulator is shown, “for 
simplicity,” connected across the whole battery, but in actual fact (as 
was mentioned very casually by the author) it has to be connected 
across a small portion of it, since the carbon piles have comparatively 
low resistance and are therefore only suited for working with low 
voltages. In order to avoid discharging one group of cells more than 
the remainder, tappings have to be taken off at intervals all round the 
battery and a multiple-way switch has to be provided by which the 
exciting circuit may be connected alternately to each group of cells in 
turn. We therefore have a number of small wires running into the 
battery-room constantly alive and exposed to the action of acid ; we 


also have the multiple-way switch which the attendant has to- 


remember to change over at regular intervals. АП this small 
wiring is not required for any of the other types of regulator 
described, since they work across the full supply voltage. Nor 
are the other types of regulator any more complicated to handle 
and operate, in actual use, than the Entz. To take the best known 
example, the Tirrill regulator is, as is generally known, perfectly simple 
to handle, and actual experience has shown that the Tirrill battery- 
booster regulator is just as simple to handle as the ordinary Tirrill 
voltage regulator. The form of Tirrill regulator that is actually 
employed in this country for battery-booster control is, as a matter of 
fact, quite different from those shown in the diagrams given in the 
paper (Figs. 11 and 12) and much less complicated. The diagram of 
the Taylor-Scotson regulator in the paper (Fig. 13) is also wrong ; in 
fact, a regulator as shown in that diagram would not reverse the voltage 
of the booster at all, but would only vary it up and down between 
certain limits. Itisstated that the stops E and F above the lever of the 
Entz regulator enable the charge and discharge battery currents to be 
limited. This is not, however, strictly true ; what these stops actually 
limit is the booster voltage, which is not the same thing, since the 
charge or discharge battery current depends on other factors as well, 
such as the state of charge of the battery and the line voltage. Further, 
the use of these stops would, it seems to me, entirely prevent “ over- 
shooting ” and nullify the special advantage thereby obtained. The 
range of other types of regulator can also be limited, if desired, by 
means of tappings on the rheostats. It is also put forward as a special 


feature of the Entz system that there is no “complicated system of | 


field windings to be designed in accordance with exact theory,” but 
this feature is shared equally by all the other external regulators, and 
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even by the Lancashire booster, which does not require any “ patient 
adjustment on site.” 

With regard to the Hucknall Colliery installation, I should like to 
say, as having had a good deal to do with the design of that plant, that 
the arrangement shown in the author's Fig. 22 was actually considered. 
In this case, however, matters were complicated by the fact that the 
alternator and the converter were at opposite ends of the high-tension 
transmission line, a mile and a quarter long, so that the controlling 
device in the generator circuit and the field of the converter which it 
would control would have had to be separated by the same distance. 
It would not have been impossible to control the field at this distance, 
and means were actually designed for the purpose, but it would have 
been an experiment, and the complication and cost (including that of 
the pilot wires which would have been required for the automatic con- 
trol circuit) would not have been justified in so small an installation. 

Mr. E. KILBURN SCOTT: Any one reading the paper must have been 
struck with the difference between the diagram shown at the beginning 
and the diagrams in the latter half of the paper. Fig. т, for example, 
shows the ordinary differential type of booster, and it is exceedingly 
simple as compared with many of the others. АП the types are at work 
somewhere, I presume ; at any rate, the simplest of all the differential 
type is working very well. It may not give the straight voltage line 
which the inventors of the complicated devices are trying to obtain, 
but it knocks off a large portion of the peaks, and I think that is all 
that is wanted in most cases; at any rate, it is all that is wanted for 
crane work, hauling, winding, and other similar variable loads. The 
reference in this paper aboutthe plant at the Gary steel works, Indiana, 
is of special interest. It appears that the Gary plant was originally put 
down to work entirely with a flywheel storage, but they found it would 
not do, and so storage batteries and reversible boosters were put in as 
well. I went round the Rothesay Dock the other day, and must say 
that it is a particularly fine installation. Reversible boosters and battery 
plant would have to be very well thought out and installed to compete 
with it. In this connection there is one thing which I do not think 
could be done so well with a battery and boosting plant. Each of the 
large hoists for lifting trucks of coal and tipping them is supplied with 
current from its own dynamo coupled to the main engine, and the 
storage flywheel is mounted on the same shaft. Now a pair of small 
leads is carried from each dynamo right on to the top of each coal hoist 
where the motor is situated. The regulation of speed is then simply 
effected by a small resistance close to the motor. 

To give the same amount of speed regulation with storage batteries 
there would presumably be an accumulator switch and a motor to run 
the switch along. When the peak load comes on at Rothsay the fly- 
wheel gives out the extra power, and in doing so its speed diminishes 
from about 475 to 420 revs. per minute. To give a level voltage 
for the lighting and small-power cranes there is a dynamo between 
each engine and the storage flywheel. This dynamo has its field 
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current governed by two exciters, the voltages of which oppose each 
other. One exciter is separately driven by a small engine and gives a 
higher voltage than the other. The second exciter is belted to the 
dynamo shaft. Now, when the storage flywheel is giving out 
energy its speed falls, and the voltage of the belt-driven exciter falls 
also, consequently there is a greater difference of potential be- 
tween the two exciters and more current goes through the dynamo 
field coils, so keeping up the voltage at the dynamo terminals. 
The Hucknall Torkard installation I have also seen, and believe it 
is the only colliery plant in this country which has a large storage 
battery and reversible booster for running haulage gear and similar 
variable power work. An interesting point about it is that the storage 
battery and booster are a considerable distance away from the power 
house and on the top of a hill, so they get very little attention, and they 
do not appear to want any. Of the various forms of boosters other 
than the differential, the Entz appears to be efficient and simple. It 
depends primarily on the two squeeze carbon resistance piles. These 
resistances at first sight may seem rather unmechanical and liable to 
change, but, as a matter of fact, they seem to have an almost unlimited 
life. For example, some squeeze carbon resistances at Finsbury 
Technical College are at work to-day just as they were made twenty- 
nine years ago by a member of the staff. Mr. Taylor said that the 
reversible booster in the Birmingham power house has to be protected 
Бу a switch, which cuts it out of circuit at the highest load conditions. 
It is, of course, an ordinary commutator machine, and, in so many 
words, is not robust enough. Therefore why use a commutator 
machine? Why not put in a homopolar? The homopolar, being a 
low-voltage machine and able to give very large currents, is the ideal 
machine for boosting in connection with storage batteries. Why it has 
been overlooked for such purposes one cannot quite understand. One 
fcature about the homopolar machine, which may have a useful appli- 
cation some day, is the easy way in which its voltage can be altered by 
cumulative or differential compounding. Mcrely moving the brush 
leads so that current flows along them in the same direction or 
in the opposite direction to the adjacent field coil will alter the 
voltage. 

Мг. W. M. MoRDEY: May I say a few words about the first use of 
carbon resistances in regulators? I think we ought to remember that 
the carbon regulator is a very old idea. Ithink one of the earliest 
forms based on the effect of pressure was the carbon telephone of 
Edison, where he allowed the telephone disc to press against a carbon 
button, and so by variations of pressure to alter the resistance slightly 
and thus vary the current in the line of the other telephone. That was, 
I think, in the late seventies. In 1881 Brush patented the well-known 
old Brush regulator, which, perhaps, some of you are not old enough 
to remember. It was much used, and is the father, or the grandtather, 
of all the carbon-pile regulators of to-day. Those who remember the 
Brush regulator will know that a pile of carbons, or several piles of 
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Mr. Mordey. carbons, in series or parallel—little thin square plates—rested on a lever 
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controlled by the current, altering the resistance of the carbon, and 
shunting more or less current from the series field winding accord- 
ing to the pressure exerted. The same principle has since been 
successfully applied to many other purposes, but I think we should 
not forget its origin. 

Mr. Н. С. SIDDELEY (communicated) : Referring to the remarks on 
the question of the diverter in connection with the Lancashire booster, 
it is arranged to divert as little a portion of the main current as is 
possible, so that the turns in the series winding are a minimum, thus de- 
creasing the self-induction and increasing the rapidity of the building-up 
of the booster. In adjusting the generator load with the Lancashire 
booster, use is made of both the intermediate stops on the series 
diverter and on the shunt coil B—the coarse adjustment being 
made by the diverter and the final regulation being done on the 
shunt. The diverter is designed so as to have the stops corre- 
sponding to the loads of either one, two, three or more sets 
running in parallel. The point mentioned in the paper, of the 
boosters of this type being adjusted to share the load with the 
generator, is often a great convenience, as there are often times when 
the peaks on the load are too great for the battery alone to cope with. 
It is then a decided advantage to adjust the booster working that the 
overload capacity of the dynamos is brought into use—that is, momen- 
tarily—in order to ease the violent discharge, which would otherwise 
have to come from the battery alone. This proportion can be regulated 
to almost any degree by an adjustment of the auxiliary shunt coil 
marked E in Fig. 5. In discussing this type of booster running in 
parallel with compound-wound generators, the writer has omitted to 
allow for the motor increasing in speed due to the higher voltage, and 
thus getting the necessary increase of volts as the voltage rises on the 
busbars : the auxiliary coil D also compensates immediately and auto- 
matically for any rise in voltage the busbars which takes place. As a 
matter of fact, the Lancashire booster works relatively better than any 
other type when running on an over-compounded supply. It is, how- 
ever, always necessary when running with over-compounded generators, 
that the connections of the dynamo be so arranged, that either the total 
return current, or the total feeder current, goes through the series coil, 
otherwise as the dynamos are all giving constant current, there will 
be no over-compounding effect. It is often necessary to run over- 
compounded generators on a traction load, for the reason of the lay- 
out of the feeders, and this is entirely independent of the question 
whether a battery is used or not. Fig. 8, as showing a chart of the 
working of a diverter booster on a traction circuit, is not a representative 
one, as no one expecting to get good results would so arrange the running 
of his station that he got his battery fully charged at such an early 
stage, there being two reasons against this: first, that no booster 
would regulate well where there is practically no difference in volts 
between the battery and busbars ; and secondly, that all the current 
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that is available for charging the battery is wasted, which makes 
running in this way very uneconomical. 

With reference to the use of an exciter with a Lancashire booster ; 
when an exciter is used with the Lancashire system it is not the case 
that this necessarily makes the booster more sluggish, for during the 
same time that the exciter is building up and the volts are rising, the 
same thing is taking place on the fields of the booster, and therefore 
the maximum effect on the booster field is obtained practically instan- 
tancously with the maximum effect on the exciter. This is as shown 
in the Manchester Corporation boosters, where all three machines may 
be excited in parallel from one small exciter set, and the results there 
obtained are certainly as good as with any equally large boosters. 

There is a great advantage in safety in the use of a system such as 
the Lancashire, as when the machine is once in service nothing can ever 
go wrong or stick, as in the case of outside regulators. These regulators 
must be notoriously weak links in the chain, for if an automatic regulator 
should stick, say, when the battery is charging, the effect on the station 
would be disastrous when an overload came on to the feeders, as the 
generators would have to take the overload and go on charging the 
battery at the same time. Such a thing cannot possibly happen where 
the regulation is entirely effected by the field windings. This is a very 
important point, and seeing that batteries are put in as an assurance 
against failure of supply, it is important that the booster system used 
should not take away from this safeguard. 

With reference to the use of synchronous motors driving boosters, 
the St. James and Pall Mall Company will shortly have such a motor, 
of a self-starting type, driving their booster, and it is intended to use 
this during the daytime when charging, and to use the motor also for 
the purpose of raising the general power factor of the system by 
over-excitation. 

Mr. C. J. HOPKINS (communicaled): On page 297 the author states 
that the presence of a heavy flywheel on the engine also affects the 
quality of the results with some boosters in the same way as over- 
compounding on a generator, or the governor of an engine attempting 
to make the engine follow the load. This is true as far as the results 
recorded in the generator load chart are concerned. However, the fly- 
wheel effect is an efficient one, since it does not make an uneconomical 
demand upon the steam consumption, whereas over-compounding on 
a generator or the governor of an engine does, so that the results 
are not strictly comparable, and there seems to be no question as to 
the desirability of a flywheel as implied in the paper, even though it 
may appear to interfere with the evenness of the generator load. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON 
28TH NOVEMBER, 1011. 


Mr. E. C. McKINNON: It is interesting to notice how widely 
booster practice varies throughout the world. In the United States 
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boosters are employed to an enormous extent. In this country boosters 
are also largely employed. In the colonies, in Japan and China, 
numerous battery booster plants are in satisfactory use. On the 
Continent, however, boosters are quite out of favour. In discussing 
the matter with the chief engineer of the Stockholm Corporation this 
year, I gathered from him that Continental engineers consider they can 
obtain almost as good results by employment of end cells with 
regulating switches and by designing their generators with a drooping 
characteristic. This engineer stated that in travelling through Sweden, 
Denmark, Germany, and Switzerland, he had been surprised at the 
number of automatic regulators installed on one of the three systems, 
Thury, Tirrill, and Trumpy, and quite as much surprised at the number 
of cases in which the regulator was not working. Apart from the 
theory of reversible boosters, good design plays an important part in 
the successful results obtained from the booster. Another matter 
affecting the results obtained with boosters is the manner in which 
they are operated. I have visited installations where the booster has 
given poor results simply through inattention to keeping the commuta- 
tors clean, or the regulator free from dust and grit. The engineer in 
one of the North Wales Corporations told me that two competing firms 
invited him to view installations where they had put down battery 
booster plant. When he arrived, however, he found in one instance 
the booster was not running, and on inquiring for the reason he was 
told that it was cheaper to let it stand. 

Mr. A. G. COOPER: I have not come here to take part in the dis- 
cussion, but want to hear something about the working of these plants 
from users, who seem, so far, very shy. I have no battery now at Colne; 
it was scrapped along time ago, but Iam very pleased to hear that batteries 
are so much improved, although it would take a lot to convince my 
committee that this is во. The battery at Greenock is mentioned in 
the paper. I remember some three or four years ago discussing the 
merits of it with a gentleman who is present to-night, and told him that 
Greenock seemed to have saved more coal than they ever ought to have 
burnt. Оп examining the Electrical Times tables for the different years, 
we found that the coal costs had gone down, but that repairs and 
maintenance (I concluded battery attendance and upkeep) had gone 
up so that there was no gain. I also compared my own costs (without 
a battery at all), and they were, if I remember rightly, lower than 
Greenock on a considerably less output, so I told him that I could not 
sce what I was to gain by spending money on a battery. 

Мг. P. P. WHEELWRIGHT : As a user of an “Entz” booster and 
regulator, I have found it has the following advantages : It is (a) quick 
in action ; (b) simple in manipulation ; (c) maintenance is very small. 
In the running of a large central station it is most valuable financially. 
The working results, after two years' use, were most satisfactory, and 
I am pleased to state that the coal consumption per unit has been 
reduced, the maintenance cost of engines, owing to constant loads, has 
been brought down, and the voltage line very much improved. 
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Мг. С. W. WORRALL : The author has collected together in con- 
venient form a great deal of information. It is, however, a pity that he 
has not extended the scope of his paper so as to include, in the form of 
tabulated results, curves, and instrument charts, more information on 
the actual results obtained in practice by the different classes of 
booster. The only two tables which are given are not at all compar- 
able, as they show the influence of the two types of boosters from 
different points of view, while all the charts given do not appear to be 
selected with a view to showing the good points of the various machines 
to which they refer. The author has scarcely emphasised sufficiently 
the difference in the stability of a booster, when the main series coil is 
in the generator circuit and when it is in the feeder circuit, and I think 
he has made too much of the rise in the generator current for which 
balance is obtained when the generator isover-compounded. The dia- 
gram given in Fig. 2 for the Piraniibooster is not quite up to date, for 
the Felten and Guilleaume Lahmeyerwerke * claim to have overcome 
the difficulty described in connection with this machine. According to 
the article referred to, the booster is excited by a separate exciter 
which has one field winding shunted across the mains and a second 
field winding in parallel with a diverter. In addition to this means of 
excitation, the booster itself has a second field winding shunted across 
the mains. This second field is always excited, and in order that the 
booster may generate no E.M.F. on normal load the exciter must 
provide an opposing field. Thus the two exciter windings do not 
cancel each other and the exciter field may be worked at any desired 
part of the magnetisation curve. The exciter is usually operated on 
the knee of the curve, and hence arise in the main current does not 
Cause a proportionate rise in the booster volts and a continual increase 
in the discharge rate. When the main current falls below the normal 
value the magnetisation of the exciter is on the straight-line portion of 
the curve and the booster volts drop rapidly with a corresponding 
increase in the rate of charge. In this manner, it is claimed, the ratio 
of discharge current to charging current for a given change in the 
main current may be adjusted to any desired value, even to as low as 
о5. Тһе magnetic arrangement just described has the same effect as 
the electrolytic cells and resistances shown in Fig. 4. Such cells, 
however, would probably require considerable attention and Siemens’ 7 
have tried iron wire resistances. The resistances are placed in the 
various field-coil circuits, and by employing different resistance values 
and temperature rises the currents can be controlled as desired. The 
descriptions given of batteries and boosters оп alternating-current 
systems are of special interest. There is a system in use at Elmira, 
New York,{ in which the diverter principle is adapted to alternating- 
current ina very ingenious way. The load consists of mixed direct-current 
and alternating current, but the direct current is supplied from the alter- 


* Elektrische Kraftbetriebe und Bahnen, vol. 8, p. 421, 1910. 
+ Elektrotechnische Zeitschrift, vol. 30, p. 297, 1909. 
t Electrical Review, New York, vol. 53, p. 440, 1908. 
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nating-current bars through rotary converters, and is controlled as an 
alternating-current load. All the circuits of fluctuating load are coupled 
to an auxiliary alternating-current busbar (the direct current through 
the rotaries). The battery and booster are, of course, on the direct- 
current bars and take the excess direct-current load, but when the 
battery discharge exceeds the direct-current demand, it feeds into the 
alternating-current side through inversion of the rotaries. The booster 
is of the usual diverter type, but the regulating coil is connected to the 
direct-current side of a small rotary converter which is fed with alter- 
ternating current by a series transformer in the auxiliary alternating- 
current busbars. The secondary of the transformer is fitted with 
tappings, so that the regulation may be varied at will. The current 
supplied to the regulating rotary is proportional to the true energy 
component of the variable alternating-current load. 

Mr. JULIUS FRITH: The author has brought out very clearly the 
inherent advantages and disadvantages of the various types of boosters. 
If the machine only gives the correct results as a steady condition and 
neglects the exponential terms, it caunot possibly be very quick in its 
action. The various time lags all add up, the current takes a certain 
time to start round the magnets, the flux only follows the current 
gradually, and so on. With the Entz and Tirrill type of regulator 
the actual change effected is the initial part only of a much greater 
change, and is therefore completed in a much shorter time. 

Mr. C. L. E. STEWART: My experience of the Lancashire booster 
has been a very happy one. I have had one running for 2} years, and 
I do not think it has stopped for more than 24 hours during the whole 
of that time. I am rather surprised to hear something said about that 
type of booster not regulating quickly. I always thought ours was 
remarkably quick in acting, and our voltage on the traction system is 
good ; in fact, we have a number of lighting consumers supplied off 
the traction circuit and we never get any complaints, and according 
to the chart it is a straight line. We do not get necessarily a dead 
steady load by our generator. We do not want it, because the fluctua- 
tion is more than the battery could take charge of. We get a very 
heavy duty out of our battery all day and night, and I would like to 
mention the excellent condition the battery is in, in spite of it working 
all day at the 1-hour rate. 

Mr. H. T. WILKINSON : I would like to know why it is we do not 
sec any greater developments in the regulation of alternating currents 
by boosters in this country. Of course they are more advanced in 
America, probably because there is more scope. 

Mr. C. C. ATCHISON : I would like to have heard something from 
the other makers of boosters, for although, in my opinion, Mr. Rankin 
has been extremely fair, yet we have only one side of the case, and 
the “ Entz" booster seems to have taken the lead. I notice Mr. Stewart 
has referred to, and tried to stand up for the Lancashire booster, 
and perhaps it would have been interesting to some other station 
engineers to have heard other views on that and other types of booster. 
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With regard to the “Entz” booster and rapidity of action, I am very 
doubtful whether absolute rapidity of action is always essential. 


I do not think it always is, and believe that although a very good case, 


may be made out for the “ Entz” booster in certain positions, yet other 
boosters have their advantages in others. We hear the question of 
Greenock as to whether the interest, sinking fund, capital expenditure, 
and the maintenance of the battery has not counterbalanced the 
benefit in the coal costs. That is purely a question of time, but I 
think the strength of the argument in favour of the use of batteries and 
boosters lies in the fact that it is not only our smaller stations that 
have gone in for the experiment, but very large undertakings. I am 
glad Mr. Rankin has called attention to the use of a battery in con- 
junction with alternating-current supply, as it is likely to be very useful 
in this direction. We used to have direct current only, and thought 
it was the only supply to use, but we came to alternating-current 
supplies, and with their development we still have the direct-current 
systems to deal with ; and if those for lighting and traction are both 
to be supplied from the same alternating-current generators, any 
arrangement to assist in maintaining a steady voltage cannot help 
being of assistance. The same applies in stations using motor- 
generators on direct current enabling ithe two supplies to be given 
by the one generator, and a short experience I have had of the 
virtues of a storage battery with an “Епі2” booster has certainly been 
quite satisfactory in this direction, added to which the benefit of 
having a battery to fall back on in case of steam trouble I have quite 
recently found to be worth consideration. 

Mr. H. C. CREWS: It may be of some little interest to state that I 
have had satisfactory results for several years with a small Lancashire 
reversible booster. This is used in conjunction with three 36-k.w. 
steam sets and a secondary battery. My scheme embraced a number 
of rather heavy electric lifts and a few motors, but as the load to be 
dealt with was mainly a lighting one, 230 volts pressure was adopted. 
The objects in adopting this reversible booster were: (1) To charge 
battery during periods of light load without using regulating cells 
and their bulky accessories, and (2) to keep lighting volts steady should 
a number of lifts and motors be started simultaneously. Мо. 2 pro- 
vision was, of course, more particularly necessary at times when only 
one small set was in use. This booster successfully and quickly 
accomplished these objects. Testing by continuously starting and 
stopping three large lifts simultaneously, with maximum out-of- 
balance loads, the greatest variation of line pressure recorded is 5 
volts. On the 230-volt glow lamps in use this difference is practically 
imperceptible. 


DISCUSSION BEFORE THE SCOTTISH LOCAL SECTION, 9TH JANUARY, 
I9I2. 


Mr. W. W. LacktiE : The only point on which I do not see eye to eye 
with Mr. Rankin is in connection with the statement on page 285, where 
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he says that a saving in coal consumption of between 20 and 30 per cent. 
can be obtained through the installation of battery and booster plant, in 
cases where the load is of a very highly fluctuating nature, and from 10 
to 15 per cent. in other cases. I take it that he bases this statement on 
the facts given in the last few pages of his paper. If we look at page 329 
it will be seen there that when two generators are run giving 61 k.w. 
the steam consumption per kilowatt-hour is given as 60°43 lbs., whereas 
when one generator with battery and booster was run, the steam con- 
sumption fell to 43°25 Ibs. It appears to me that it would pay in this 
particular case to shut down both generators and buy one good up-to- 
date generator and so get a steam consumption of the order of 25 to 
30 lbs. per kilowatt-hour. I do not know what the coal consumption is 
at Greenock to-day, but I believe it is something better than 5 lbs. 
The reduction from 6} to 5 lbs. was partly due to improved methods of 
firing, as well as to the putting down of a battery and booster. I 
believe that Mr. Rankin has also in his mind the economy said to be 
due to the use of a battery in Manchester. I would like to point out, 
however, that without the installation of a battery or reversible booster 
the coal consumption in the Glasgow stations has been reduced 16 
per cent.in one year. Inthe tramways department power house, where 
there is a fluctuating load, I am pretty certain that the installation of a 
battery and booster would not reduce their coal consumption by r per cent. 
At Pinkston last year they were generating 1 k.w.-hour of electrical 
energy with engines taking 18 lbs. of steam per kilowatt-hour for 
2:8 lbs. of coal, which is within a small percentage of the possible 
theoretical figure. The theoretical figure is frequently got, but is upset 
due to banked boilers in the early morning hours. I agree, of course, 
that a battery and booster are of very great value in keeping a steady 
voltage, and this one cannot put a price on ; but, on the other hand, the 
cost of the battery and booster must always remain a small proportion 
of the capital expenditure on plant. Batteries will probably cost £23 
to £24 per kilowatt, while steam plant costs about £12 per kilowatt. 
The influence of this on the selling price of electrical energy would be 
that with the price at 14d. per unit, 1d. represents interest and sinking 
fund, and therefore if the capital cost of the plant were doubled, the 
price of energy would need to be increased proportionately, while there 
might be a reduction of ro or 12 per cent. on the 4d. I would like 
to know what proportion of the total plant Mr. Rankin thinks should be 
in the form of batteries. We have Tirrill regulators on our alternators 
and these give us a perfectly steady voltage. We do not have boosters 
on our batteries. 

Mr. Е.Н. Downie : I would like to point out to Mr. Rankin that in 
the later forms of the Highfield booster the diverter resistance for the 
series field coils is divided into two parts, one of which is placed in the 
generator circuit, and the other in the load circuit. The battery con- 
nection is made to the junction of these two.resistances. The object of 
this arrangement is to overcome the sluggishness of the booster. Till 
the battery begins to discharge, the excess of load current flows through 
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both parts of the diverter resistance and therefore gives a much larger Mr. Downie 
difference of potential across the booster series coils than is normally 
required to give the desired boost in the discharge connection. The 
result is that the current in the booster field coils changes much more 
quickly and the booster is rendered less sluggish in responding to load 
fluctuations. The steady boost due to the resistance in the generator 
circuit is neutralised by altering the exciter voltage. I would also 
like to point out with regard to Mr. Rankin’s remark about flywheel 
equalising plant at the Gary Steel Works, that there is no proper fly- 
wheel equalising plant. The flywheels are fitted on induction motors 
which have permanent slip resistances, and only serve to reduce the 
load peaks. 

Mr. A. Н. KELSALL: I should like to ask what booster was in use іп М. 
the arrangement shown in Fig. 8, which failed so completely to get 
a response from the battery with an over-compounded generator. I 
should also like to suggest a point to Mr. Rankin with regard to the 
amount of copper on the field coils of boosters in Class A. The only 
real feature about the amount of capper is the cost of it, because on all 
kinds of boosters on this principle, it is necessary to work very low 
down on the characteristic, and that means that the standard magnet 
frame used has got a great deal of space upon it, and the net loss to the 
purchaser is the cost of copper, and possibly, say, 1 рег сепі., due to the 
extra field losses, which are a small fraction of the total losses. I did 
not quite catch the confidential information Mr. Rankin gave us 
regarding the circuit breakers in conjunction with the rolling mill 
installations. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
I4TH FEBRUARY, 1012. 


Mr. А. М. TAYLOR: I am not quite convinced that the way іп Mr. Taylor. 
which automatic reversible boosters are worked is necessarily the 
best for central stations or possibly for many other situations. 
Unfortunately for the battery it is not at present a strictly reversible 
machine, nor will it be until it is suited for the same rate of charge 
and discharge. For instance, say there was a momentary demand 
for 2,000 amperes for a minute: it was not possible to put the 
2,000 amperes back in the following minute, but it was desirable in 
the interests of the battery that this should be done in not less than 
3 or § minutes. I am not clear that it would not be more in the 
interests of the battery if arrangements were made whereby extremely 
severe “short-time” discharges could be taken out of the battery 
without any attempt to repay this in the form of a charge at a high 
rate. To attempt to repay this results in it being necessary to employ ы 
а very large booster, and the more severe the discharge the larger 
does the boost (rapidly) become. The automatic booster is undoubtedly 
a very valuable piece of apparatus, particularly because it deals with 
the battery as a whole and so avoids any disturbing cause tending 
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Мг; Taylor. to make опе cell behave differently from another. I understand, 
however, that on the Continent and in America automatic means 
have been employed, using regulating cells exclusively for the dis- 
charges, and I think that there is a danger of such means entering 
into serious competition with boosters in this country if size and cost 
of the latter are not kept in check. In my opinion this result could 
be obtained by sacrificing to some extent the feature of the automatic 
booster whereby the battery is charged in intervals between the dis- 
charges; but in this sense it would be in no way at a disadvantage 
compared with the matter of regulating cells, since these would also 
suffer from the same weakness. I am not at all convinced that the 
making up of aload at the generating station in this way is of such 
great importance, and believe that the disadvantage would be more 
than compensated by the greater capacity of the battery to deal with 
severe discharges, which would be obtained by the method I propose. 
Briefly this is to increase the number of cells in the battery above that 
required merely to float upon the line and to employ series-parallel 
grouping of the boosters for the pprpose of putting the final charge 
into the battery late at night or early in the morning. In those cases 
where the average load does not possess a constant value throughout 
the whole day, but is rather of the nature indicated, for instance, by 
the curve given by Mr. Turnbull in his paper on the subject,* there 
would be a very decided gain in employing series-parallel arrange- 
ments. In Fig. C let AA represent the voltage per cell obtained by 
dividing the busbar volts by the total number of cells of the battery 
(which in present practice usually works about 2°12 volts per cell as 
shown). Suppose, for example, that the busbar volts are 550 and there 
are 260 cells. The curve DE would represent the gradual fall of 
potential through the battery during the day if the load consisted 
of a number of current impulses at the 1-hour rate with consider- 
able gaps between them, but occurring uniformly throughout the 
whole day. The curve FG represents the charging voltage at the 
4-hour rate, and supposing that at the commencement of the day the 
volts per cell were 2:5, it would be obvious that for the first 3 or 4 
hours it would be impracticable to put any charge into the battery, 
and as the battery got more and more exhausted it would receive a 
charge more readily as shown by the fall in the time HF. If JK 
represents the curve of discharge for a }-hour rate it will be seen that 
if the booster was put in to give a boost for the limit of the 1-hour rate 
that booster would be quite incapable of getting the }-hour rate out 
of the battery without the expenditure of a large sum on the booster. 
The booster would in the early morning have to give a boost of 
82 volts (1-hour rate), and in the evening of 115 volts, or a mean 
boost of approximately 100 volts. No doubt this would give ample 
facilities for the charging of the battery, but this amount would be 
entirely unnecessary, the actual boost required to charge the battery 
at the point H being only 47 volts, and at the point L only 20 volts. 

* Proceedings of the Institution of Electrical Engineers, vol. 36, p. 591, 1900. 
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Suppose that the 1-hour rate of the battery corresponded with 2,000 am- 
peres, then the average output of the booster would approximately be 
200 k.w. If the number of cells were increased to 285, giving the line 
ВВ for the busbar voltage at 1°93 volts per cell, the boost for the 1-hour 
rate early in the morning would be only 37 volts, and towards the 
evening 75 volts, an average of 56 volts, which would reduce the size 
of the booster to very nearly half the size of the previous case. This 
would enable a light charge to be given to the battery early in the day, 
and when the point L was reached on the charging curve the full 
charge could be put in (4-hour rate). If, however, there were any 
valleys in the load curve for any period of time such as given in Mr. 
Turnbul's curve already referred to, and if the booster could be 
arranged to be coupled in series or parallel at will it would be quite 
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feasible to give any charge required by the battery at any time of the 
day. I have worked out a switching arrangement which could be 
operated without any adjustment of the booster field or interruption 
of the current. Another way of putting the case would be to say that 
with the same booster as first contemplated (200 k.w.)it would, with 
series-parallel control and the increased number of battery cells, be 
practicable to give discharges down to the ł-hour rate as shown 
by the curve JK. It may be argued against the above proposal that 
an increased number of cells has to be put into the battery, but it 
would be found that owing to the reduction in the amount of boost 
required and the size of the booster the current taken from the battery 
to drive the booster is so much less than before that the reduction in 
the output of each cell throughout the whole battery is sufficient to pay 
the capital value for the increased number of cells, while the energy 
losses in the boosters must obviously be less with the smaller booster, 
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and the general efficiency is improved. At certain parts of the day the 
booster would be called upon to * back-boost," that is, to “motor”; 
but this would be in itself no disadvantage. 

Mr. F. W. FORSTER : On page 285 of the paper the author states 
that in the case of a works generating its own electricity for lighting 
and for a very highly fluctuating power load, the economy shown by a 
battery booster attains its maximum. I do not agree with this and pre- 
vious remarks in so far as it is intended to show that an automatic 
reversible battery booster plant is of greater advantage in a works than 
in a central station for the reason that the load factor in most works 
where a battery booster plant would be proposed is better over the 
working hours than over the working hours of a central station, which 
are in the latter case, 24 hours to the day, and include many periods 
of light load. The disastrous effect of bad voltage in a particular 
works mentioned by the author on that page is probably due to badly 
chosen plant, and as far as the paper showed this could be as well 
corrected by suitably compounded or regulated machines as by a 
battery booster plant. The disadvantage of over-compounding a 
generator and booster mentioned on page 295 is best corrected by alter- 
ing the compounding of the generator to level compounding by 
means of a diverter or definite alterations of the series turns on 
the generators, for I am of the opinion that it is inadvisable to 
use over-compounded generators with over-compounded boosters, 
and bclieve that general opinion now advises level compound- 
ing of the generators or even plain shunt winding at stations of 
moderate or large capacity. If a battery booster plant is installed for 
the purpose of equalising the load on the station, then the remarks 
attributed to Mr. G. A. Grindle must be accepted. The engine was run 
on the stop valve and adjustments of load made by hand-regulated cut- 
offs. The sluggishness of the inductive leg of the diverter circuits in 
obtaining relative values could surely be overcome by using tappings 
on the series coils and a selector switch if the inaccurate working 
mentioned by the author on page 299 is worth serious consideration. I 
should be glad if the author would give some details as to the capacity 
of the boosters mentioned on page 326, and which I understand took 
up the peaks shown in Fig. 25. As the author had claimed traction 
and similar loads as within the legitimate field covered by battery 
booster plant, I might point out the great advantage of end cell regu- 
lating gear as used on the Continent. Those were automatic in action 
and result in much higher economy ; they are lower in first cost, more 
robust, and less liable to damage when short-circuit conditions arise. 

Dr. C. C. GARRARD: With regard to the author's remarks re the 
sluggishness introduced, due to the fact that the diverter is non-induc- 
tive while the field coil in parallel with it is highly inductive, I would 
like to ask whether this could not be got over by making the diverter 
inductive. With reference to the split-pole converter mentioned on 
page 322, the simplest way of looking at the action of this machine is to 
regard it as a question of distortion of E.M.F. wave-form. The direct- 
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current voltage of a converter is given by the maximum value of the 
E.M.F. wave, while the alternating-current value is given by the R.M.S. 
value of the wave. Bysplitting the pole-face, the wave-form is distorted 
so that the relation between the maximum and R.M.S. values could be 
altered. The over-shooting effect mentioned on page 303 in connection 
with the Entz booster is of great importance, not only in connection 
with that type, but also with the Tirrill regulator. It is rather extra- 
ordinary at first sight that either of these regulators should act with 
. the rapidity with which they do. To me this rapidity of action seemed 
to depend upon this over-shooting principle, viz., the initial change in 
field excitation voltage is made much greater than is actually required 
to take charge of the alteration in the load. Directly, however, the 
required regulation is obtained, the action is suddenly stopped and an 
over-regulation is prevented. The author shows clearly the principle 
in the curves on page 304, and as explanations of the actions of these 
regulators are not generally available, the paper is the more valuable 
for dealing with this point so excellently. 

Mr. R. RANKIN (in reply): I hope the battery makers will take note 
of Mr. Highfield’s criticism of maintenance agreements. І agree with 
him as to the inadvisability of working a battery on the extreme end of 
the charge curve, but it is sometimes necessary to work there, Fig. 8 
illustrating a case in point, where the battery supplies early morning 
cars. Even with the battery in a comparatively low state a load with 
large dips below the mean will show the effect referred to. Some of 
the external regulators are much quicker in action than the Thury ; 
the degree of quickness of the latter is referred to in the remarks made 
by Dr. Morris and quoted in the paper. I am afraid that the construc- 
tion of an inductive diverter for a booster would not be such a simple 
matter as Mr. Highfield thinks; the iron core would probably be rather 
a massive affair, and would mean additional expense on the very type 
of booster that cannot bear it. A flywheel is an advantage on a diverter 
booster, but where an external regulator is employed a little slowing up 
of the motor is automatically compensated for by a little more booster 
field current. Such boosters can be run at very high speeds with con- 
sequent diminution of the amount of material in them and cost to 
buyers. So far as compounding of the main generator is concerned, I 
agree with Mr. Highfield ; if the booster will equalise properly there 
is usually no reason why the generator should not be run shunt. A 
constant station voltage is usually considered good enough for tramway 
purposes, provided it is accompanied with a steady generator load. 
Mr. Taylor deals with the question more from the point of view of the 
battery itself, and that when used with hand-regulated boosters, and 
this is rather outside the scope of the paper. The ro to r5 per cent. 
savings were obtained in a corporation station with a fairly stiff 
traction load. Of course, usually, the larger the mean traction load the 
less is the need for equalisation, due to the influence of diversity factor. 
I have, in fact, seen an industrial load of at least 2,000 amperes on the 
average, which did not vary more than about 200 amperes from that 
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mean, although almost entirely a motor load. The only disturbing 
factor was a flywheel equalising set, and, when this started to equalise, 
peaks of another 2,000 amperes or so were the result. This may be 
interesting to Mr. Scott in connection with his remarks concerning the 
Rothesay Docks plant. In cases where the battery has to be tied 
absolutely across the busbars in emergency, and it is desirable to 
short circuit the booster, the booster field must be broken at the same 
time. I have had this arranged for in one instance where the arrange- 
ment works very well. The booster short-circuiting switch is hand-, 
operated in this case. Battery makers should have a large say in the 
controversy between the advocates of cell-regulating switches and hand- 
regulated boosters; they complain bitterly about the treatment the 
regulating cells come in for. It is not likely that the savings effected 
by installing a Tirrill regulator for the purpose of keeping a constant 
voltage would anything like pay for a battery, but it might well have 
been that the installation of a battery, properly controlled for load 
equalisation, would soon have paid for itself. As Mr. Taylor says, it is 
a good way of utilising a battery on an alternating-current system to 
charge it by means of a synchronous motor-generator, the synchronous 
machine being also used, in conjunction with a suitable regulator or 
exciter, to improve the power factor of the main load. Replying to 
Mr. Burge, the action of the simple Pirani booster is dealt with, in the 
part of the paper he refers to, without limiting devices. Limiting 
devices are referred to on page 290. I cannot imagine that the action 
of such a booster can be made satisfactory by an adjustment of brush 
position ; no greater proof, I think, is necessary than the fact that there 
are so many limiting devices of the kind named. I have simply given 
one ; Mr. Worrall, in the discussion at Manchester, refers to others. 
The rise of current in the booster armature may be a great deal more 
rapid than that in coils A and B, but cannot occur until A and B act. 
Applying this argument to the armature of the main generator, is not 
the rise in current here also likely to be more rapid than that in A and 
B, and hence than that in the booster armature? That extra sluggish- 
ness is not introduced by some of the other systems of boosting 
described is shown by charts such as those given in Fig. 27. I shall 
refer to results obtained by conversion of diverter boosters into 
externally regulated ones later on. The action of the coil D, and the 
benefit derived from its employment, are fully described in the paper. 
Fig. 18 represents a scheme actually put forward by Messrs. Crompton 
& Со.,* and I should judge that, although a less number of 
machines were employed, the principle remaining the same, the method 
of making the battery work would give rather poor results. The figure 
of 1o per cent. load regulation either side of the normal certainly is 
better than I would expect. Mr. Jenkin-confirms the point raised 
about time lag in diverter boosters, and his experience is all the more 
striking as giving point to my arguments because working with motor. 
generator plant is the most favourable condition for a battery and 
* Electrician (Industrial Supplement), vol. 64, p. 154, 1910. 
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booster. Fortunately, as he explains, the motor-generators were able Mr. Rankin. 
to take care of themselves in spite of the defective working of the 
booster. I may here say that the effect of lamination of booster fields 
is very much over-estimated. It cannot affect hysteresis lag, and the 
lag produced by eddy currents, acting in accordance with Lenz's law, 
is only a small percentage of the total. The best plan is not to try and 
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FIG. 20. 


Charts А and В taken with diverter booster working. 
Charts C and D taken with above booster converted to Entz control. 


reduce the time constant by costly design, but to use a system of 
control that will rapidly overcome it. I regret that I cannot give any 
figures as to the difference in actual time-lag in diverter and externally 
regulated boosters, but the results obtained in practice as regards 
equalisation of load speak for themselves. Using the equation on 
page 300 in the case of a Highfield booster with straight-line diverter I 
have calculated the rate of rise in current in the diverter to be, initially, 
VoL. 48. 24 
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200 times that in the diverter field-coil. When this is borne in mind 
and Fig. 10 considered, a fair notion of the different actions may be 
obtained. A chart shown later (C, Din Fig. 29) emphasises the improved 
results obtained by means of external regulators. This should settle any 
doubts Mr. Jenkin may have about the efficacy of the latter as compared 
with diverters. With regard to relative costs, the following are 
respectively approximate prices of a laminated field diverter booster, 
an Entz, and an unlaminated field Highfield booster quoted for one 
installation, all to give the same outputs, £750, £560, £575; the 
switchboard prices being respectively £178, £180, £190, exclusive of 
cable connections, which would be much less for the Entz than for any 
of the others. Of course the ratio of prices would not hold in all cases. 
Compounding of the main generator as described by Mr. Jenkin is 
mentioned in the paper. 

In reply to Mr. Allingham, there are very many types of automatic 
boosters besides those described, but I think I have chosen representa- 
tive ones. I may here mention that I had much difficulty in obtaining 
particulars of some systems, which may account for the fact that some of 
my diagrams do not quite please Mr. Allingham, but I am tolerably 
certain I have shown the principles involved in the figures. То take the 
Tirrill regulator, which he specially refers to, it would require a bulky 
paper to describe all the modifications of the scheme shown in the 
paper, but the root principle is the same all through. He objects to 
the names by which I have called some of the systems, but does not 
suggest others. The object of the paper is that stated at the beginning, 
and I think that no one type of booster has been unduly favoured or 
condemned. The records illustrating the paper were the best that 
could be obtained from the systems concerned. There can be no 
objection to Mr. Allingham's classifying boosters in the way he 
mentions. I should be very happy myself if all those described by 
him as working imperfectly were recognised as inferior—or, in fact, 
discarded—and only the Lancashire and externally regulated systems 
left, although the defects of the former due to its inherent sluggishness 
would inevitably show up by comparison. The imperfect boosters do 
not give a boost proportional to the line current, as in all cases the 
effect of the generator current is more or less neutralised in some way ; 
and, where the generator current is about as large as the value of the 
peaks, the boost cannot be even approximately proportional to the line 
current. Some of them may, however, give a boost in excess of that 
required to give the correct battery current. Mr. Allingham’s “ Ulysses 
and the Tortoise” series is incorrect, for he calculates the voltage made 
available by a diminution of shunt field strength on the increase in the 
effect of the series coil, which is obviously wrong. Surely even what 
he gives may fairly be called a building-up effect. Тһе statement taken 
exception to on page 289 of the paper is too emphatic, but is modified 
by both preceding and following clauses, which say that the battery 
*tends" to take the whole load off the generator. There is no 
question as to the effect of the third coil on such a booster. I may 
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say that I recently saw а 2-coil Pirani booster which was cited by 

representative of the makers as a sample installation, and, with the 
best adjustment that could be obtained, the variation in line voltage— 
nominally 550 volts—was from 490 to considerably more than 550 volts. 
Presumably the rendering of the characteristic curve of the booster 
unsymmetrical on the two sides of zero in the Pirani booster is to limit 
the action I described, although Mr. Allingham does not call it insta- 
bility. If R, and R, (Fig. 4) are unequal, a single resistance in the 
exciter circuit would not serve the same purpose. I have already 
pointed out that none of the boosters—not even the Highfield—is con- 
trolled by the line current. Mr. Allingham’s own description of the 
working of the 3-coil booster proves it, for he points out that, neglect- 
ing saturation, there is no limit to the increase of booster voltage ; this 
would imply that similarly there is no limit to the line current, if it 
were true that the boost were proportional to the line current. It is a 
fact, however, that—owing, perhaps, to the action of Highfield exciter 
and diverter being separately described—the action of the line diverter 
has not been sufficiently emphasised in this case, the E.C.C. booster, as 
classed with the Highfield, also escaping special comment. Highfield 
boosters, as shown in Fig. 6, are made to work, as Mr. Allingham has 
pointed out, by a judicious relative adjustment of the effect of the shunt 
and diverter coils. Moreover, Mr. Downie has pointed out what I have 
not mentioned—that this feature of the Highfield booster has been 
observed and dealt with in practice by those concerned in the High- 
field booster. The working of the Lancashire booster, as described in 
the paper, is exactly as given by Mr. Allingham, but I have mentioned 
the weak as well as the strong points of the system, and that is where 
I differ from Mr. Allingham. The chart of generator current obtained 
with a Lancashire booster, and shown in Fig. 28, is the best I 
could get. I am rather at a loss to know wherein lies the complexity 
of the external connections for the Entz booster. Entz regulators 
have a fairly high resistance and have been built, and are in use, for 
direct connection across a 600-volt battery ; but smaller regulators are 
usually employed for purposes of standardisation. With the commonest 
size, tappings are taken off at intervals of 25 to 30 cells, giving normally 
100 to 120 volts across the regulator, the size of wire being 7/22's. It 
surprises me to hear an engineer talking in such a way about small 
wires “constantly alive" in the battery-room. Is not the battery con- 
stantly alive and uninsulated? Are not the few wires he mentions 
insulated and properly coated with acid-proof paint? True, they are 
“live” all the same—behind the insulation. One of the selector 
switches for the wiring referred to is changed over daily—surely no 
great task for the attendant. The advantages of the Entz booster, such 
as absence of moving contacts, etc., are mentioned, but not unduly 
extolled in the paper—certainly not more than they deserve. As 
regards Fig. 13, this is quite correct, being a diagram for an installa- 
tion actually quoted for. It is not stated in the paper that the regulator 
would reverse the booster voltage ; its function is quite different, as an 


Mr, Rankin. 


Mr. Rankin, 


364 RANKIN: AUTOMATIC REVERSIBLE (28rd Nov., 


intelligent study of the figure and description will show. The limit 
stops E and F (Fig. g) serve their purpose very well in practice, as the 
charts С, D in Fig. 29 show, and the difference between the “ before " 
and “after” charts show that overshooting is not prevented. I do not 
at all see how regulator tappings can give the same results on a diverter 
booster as E and F give here. A pair of records shown in Fig. 30 
are taken from a Lancashire booster, and show that “ patient adjust- 
ment on site" is not so unnecessary as Mr. Allingham tries to make it 
appear. The adjustment here was carried out over several years. 
Even the chart illustrating the paper read by Mr. Turnbull, and repro- 
duced in Fig. 28, does not show anything to be enthusiastic about. In 
connection with the Hucknall installation, an experiment with the 
proper type of apparatus would certainly have been a successful опе; 
but where doubt existed as to the apparatus, it was wisest to stick to 
something that had already been tried. 
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FiG. 30.—Traction System. 


Charts E and F taken with Lancashire booster working. 


I do not think the plain differential booster сап be said to work 
very well, although it must, of necessity, knock off a portion of the 
peaks in the load ; the best booster is surely that which does this to 
the greatest degree, and that is not the plain differential. The 
provision of a motor-driven accumulator switch for the purpose of 
regulating the speed of hoist motors would be out of the question. 
Fig. 19 in the paper shows one way of dealing with this type of load, 
which would give better equalisation of load than a flywheel scheme, 
and which is surely not more complicated than the method of obtaining 
a good voltage described by Mr. Scott. For the control of flywheel 
equalisers where these are to be used, I consider that nothing could be 
better than one of the quick-acting regulators described in the paper. 
Mr. Scott is quite correct in his statements about the long lives of 
carbon resistances. As regards the homopolar dynamo, I see no 
reasom why this, if it can give as good results as those of the ordinary 
type, and is cheaper, should not be used in booster work. Mr. 
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Mordey's remarks аге of interest as showing the origin of the carbon Mr. Rankin. 
type of variable resistance and some of its applications, and I think 
that the Entz carbon regulator is, when the method of controlling the 
exciter field is considered, one of the most ingenious and useful of 
those. Regarding Mr. Hopkins’ comment on flywheels, I had, of 
course, no intention of advocating the abolishment of engine flywheels. 
The effect of those is to hold the generator up to its speed, and thus to 
any demand for extra load that may fall upon it. This action means, 
of course, that although the engine and dynamo take part of the 
increasing load, some of the stored energy in the flywheel is used up. 

Mr. Siddeley’s remark concerning diverter design and the reaction 
of field self-induction is not correct, but I think I have done the 
Lancashire booster every justice. It is the best of its type. Unless 
the design of the magnetic circuit itself is modified, nothing can be 
gained by juggling with the number of diverter coil turns. The 
number of ampere-turns is settled without reference to the number of 
turns or the current in them. With a given winding space, doubling 
the cross-sectional area of the turn halves the number of turns, and 
reduces the inductance to a quarter of the initial, but halving the 
number of turns and doubling the area also reduces the resistance to а” 
quarter of the initial ; hence the time constant, and therefore the rate 
of building up, remains unaltered. The higher voltage due to com- 
pounding of the main generators and its consequent effect on coils B 
and A must be in evidence before the motor speeds up, and, although 
the speeding up of the motor, such as it will be, will tend to overshunt 
coil D, the initial increase in generator current will doubtless occur. 
This action of overshunting would only be beneficial if D were giving 
a discharge voltage, but, as it is a fact that, depending on the state of 
the battery and number of cells, the booster may have to back-boost, 
the over-shunting action may actually assist the over-compounding 
of the generator. In any case Mr. Siddeley is wrong in saying that 
this type of booster is the best for working with compound generators ; 
with externally regulated sets generator voltage practically does not 
enter into the question. Regarding Fig. 8, this is quite a representative 
one forthe conditions. I suppose Mr. Siddeley means that it is not an 
ideal one, and to that I will agree. If an engineer wants a full battery 
for early morning cars, as in this instance, why should he not lcave off 
with his battery in a full state of charge? Of course running with the 
battery fully charged at unnecessary times would be foolish, but I 
consider that the best point at which to operate a battery is that at 
which its voltage when idle is approximately equal to that of the bus- 
bars, and, therefore, can see no point in Mr. Siddeley's statement that 
no booster will regulate well under those conditions, unless that it is 
that the Lancashire booster, depending so much as it does on its self- 
excited shunt coil, works worst with the battery in the best condition. 
His reasons are really arguments in favour of an externally controlled 
booster. 

It is surely uselessto say that, whenan exciter is used in connection 
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Mr. Rankin. with a diverter booster there is no extra lag involved ; the booster 
voltage must inevitably lag behind that of the exciter. I believe the 
Manchester Corporation boosters are but little used automatically 
on traction, and am certain that when they are, the load regulation 
cannot be very close. I agree as to the advantage of having a system 
without anything that can stick, but there are external regulators—the 
Entz, for example—on which there is nothing that can stick more 
readily than, say, the motor armature. Figs. 29 and 30 have already 
been referred to. The former shows line and generator currents on a 
traction system employing a diverter booster with laminated field 
before and after conversion to Entz control. No comment is 
necessary, except that the bottom chart shows, very clearly, the effect 
of the lever stops on the Entz regulator in throwing the excessive 
peaks in the load back on the main generator. Fig. 30 shows the 
results obtained from the employment of another type of diverter- 
booster with laminated field, the chart of line current, however, not 
being available for reproduction. All the records exhibited in 
Figs. 27, 29, and 30 were taken by the same instruments. 

With reference to Mr. McKinnon’s remarks, I think that the day 
‘when the use of battery-regulating switches was considered possible 
with highly fluctuating loads is past, so far as this country is concerned. 
There was little need for that Continental engineer’s surprise ; it would 
have been surprising to find many such plants working. Mr. Atchison 
dealt with one aspect of Mr. McKinnon's point as regards its sometimes 
being cheaper to leave the booster standing than running. I am afraid 
Mr. Cooper is still in the gall of bitterness, so far as the use of batteries 
is concerned. With regard to Greenock, I would refer him to page 330, 
where it is stated that the battery at Greenock was not on maintenance, 
and was in use for six years before any money was spent on it at all. 
This shows that battery maintenance did not explain the difference in 
figures of repairs and maintenance cost which he refers to. Local cir- 
cumstances and difference in type of load might make Mr. Cooper's 
costs less than those of some other given place. This is, however, not 
the question. The question is, “ Are Mr. Cooper's costs as low as they 
might be?" and a thorough consideration of this question might pay 
him well. Mr. Wheclwright's remarks should interest Mr. Cooper, 
giving him just the sort of information he asked for, and bearing out the 
views which I have put forward in the paper. In reply to Mr. Worrall, 
I may say that it is a rather difficult matter to obtain reliable charts 
showing the results obtained from different systems, and any other 
kind would be out of place. All the recorder charts illustrating the 
paper and my reply to the discussion, with the exception of Figs. 8 and 
28, were obtained by myself, and with the same instruments through- 
out. I could not obtain a Pirani booster chart, so I used the figures in 
Table I. I had an Entz booster chart in Fig. 27, and did not require 
another to go with Table II. Table I. should not be compared with 
Table II., but with Figs. 27 and 28. As regards Fig. 28, I considcred 
that I could not go wrong in taking the figure illustrating Mr. Turnbull's 
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paper, which dealt entirely with the Lancashire booster, and believe 
that this shows the best results obtainable with this booster. Mr. 
Worrall is perhaps justified in his remark in connection with the 
instability of line diverter boosters, but Fig. 8 shows I have not made 
too much of the effect of over-compounding. His description of the 
Pirani modifications disposes of the argument put forward in a pre- 
vious discussion that such modifications are entirely unnecessary. The 
short description given of the Elmira plant is interesting, but I consider 
that external regulators, with the overshooting property described in 
the paper, the most satisfactory for alternating-current work as being 
quicker in action. In connection with my remarks re the Gary plant, I 
am surprised that nothing has been said about the question of flywheels 
versus batteries. It would have been interesting to hear the views of 
some of the advocates of the former. Mr. Frith seems to agree with 
me entirely with regard to the sluggishness of diverter boosters, and his 
statements should be carefully weighed by the advocates of diverter 
systems. He emphasises the points which I have tried to bring out 
clearly in the paper, particularly in the equation on page 300, re the 
relative rates of rise in current in diverter and diverter coil. Highly 
inductive diverters would be expensive. The lamination of the field of 
a diverter booster is an expensive matter, and additional cost would be 
a great disadvantage. The iron core in the diverter coil itself is fairly 
massive, being the magnets of the machine. Some engineers have the 
notion that fields cannot be reversed quickly unless they are laminated, 
and are prepared to рау for this, but this is quite a mistake. In reply 
to Mr. Stewart, the Entz booster is certainly the simplest on the market, 
as is borne out by Mr. Wheelwright's remarks. Evidently Mr. Stewart 
has not understood its action. Control is effected solely by one adjust- 
. ment, which is purely mechanical, being simply the turning of a small 
‘hand-wheel. I do not question the excellence of the electrical and 
mechanical design of the machines forming Mr. Stewart's booster, 
which are all that are concerned in its long period of running; there 
are many machines working for long periods without giving trouble. 
Mr. Stewart's main generators also seem to be well designed, as, in 
spite of a variable load, a straight-line voltage chart is obtained. A 
reversible booster should not be concerned with the generator voltage, 
and I have tried to show that externally regulated boosters are not, but 
they should be capable of maintaining a steady generator current. 
This, although Mr. Stewart says he does not want it, 1s precisely what 
engineers have in view when they install a battery-booster plant. Of 
course, if the fluctuations are more than the battery can do, the defective 
working of the booster will prevent it from being over-worked, but this 
is a poor argument in favour of the booster. There is mention made in 
the paper of the fact that the installation of a sluggish booster may keep 
down initial cost, as, since the booster will not make the battery work 
properly, there is little use in laying down a battery of large capacity. 
With, say, a booster of the Entz type, which Mr. Stewart has expressly 
mentioned, excessive peaks and dips could be thrown back on the 
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Mr. Rankin. generator, and the best equalisation still obtained for all normal peaks. 
That Mr. Stewart's booster is not remarkably quick in acting is shown 
by the fact that he does not get a steady load on his generator. With 
regard to lighting consumers on traction systems, the degree of their 
satisfaction is very often a matter of education. His last remark con- 
firms my statement that batteries working with reversible boosters 
remain in very good condition indeed provided they receive reasonable 
attention. Mr. Wilkinson's account of the working of a regulating 
switch at Zurich on a tramway load helps to explain why this type of 
thing is not taken up in this country. He asks why alternating-current 
regulation has not been taken up in this country. I have been looking 
for a satisfactory reason for this for a long time, but have not found it. 
There are certainly not so mauy openings here for this type of plant as 
there seem to be in America. I think I have given one of the main 
reasons in the paper when I said it is due to conservativeness. As Mr. 
Atchison says, diverter boosters, which cannot be described as quick- 
acting, have a sphere of operation, but that is where they should be 
employed, provided their cost is right ; but simplicity in operation is a 
thing which should be considered. Nothing but dissatisfaction can 
result from their employment on quickly varying loads. I am glad to 
hear Mr. Atchison say that he has made a decided gain by having a 
steady traction voltage. Many engineers make a great point of their 
not being able to compound on traction with a steady generator 
current, but provided an externally regulated booster is used, there is 
no reason why the feeder current should not be carried round the 
generator field, and compounding, if desired, obtained in this way. Of 
course, as the regulator will keep a steady current on the generator, the 
load on the engine will go up in proportion to the voltage. I commend 
Mr. Atchison's remarks as well as Mr. Wheelwright’s to the notice of 
Mr. Cooper. With reference to Mr. Crews’ remarks, it is likely that on 
a small installation like the one he referred to the generating plant is 
big enough to deal with the fluctuations itself, the battery and booster 
being merely a refinement, the former being required more for periods 
when the generating plant is shut down than for equalising. In the 
steel works mentioned in the “ Practical Results” section of the paper, 
where the motor load consists of charging machines, cranes, etc., and 
the voltage is 220, the variation in voltage with the battery and booster 
in use is less than 3 volts on an indicating, not a recording, meter. The 
generators have a drooping characteristic, and the magnitude and 
rapidity of the variations in line load are a great deal more trying than 
those on a traction system. 

I am afraid that the particulars I have given of the plant referred to 
in connection with Table II. have not been complete enough, or 
Mr. Lackie would not have got such a bad impression of the engines 
and generators. Those would require to be very good indeed to get a 
steam consumption of 25 to 30 lbs. per kilowatt-hour if the rated output 
were only 60 k.w. As a matter of fact, the rating of each generator is 
172 k.w., and the fact that two of them had to be run on a mean load of 
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about 61 k.w. shows that the load with which they had to deal had Mr. Rankin. 
fluctuations of an extraordinary nature. While the two generators 
were running alone the lighting load had the effect of raising the 
average output, but the peaks due to the large motors still existed, with 
the result that the two sets were running very inefficiently. In fact, it 
will be seen that, even with one generator running, the average load is 
very low, but, as pointed out, extensions were made after the tests, 
which have increased the average load, and the saving is now more 
than that shown in the table. If the original power and lighting 
scheme had allowed for a battery and booster the plant could have 
been made to suit the load to a very much greater degree than is indi- 
cated by the particulars I have given. The main point is that there are 
many plants in the country of a like nature to that described, where 
steam plant has been put in to handle the entire load, including the 
peaks which are of very short duration, although extremely frequent, 
and that even although after a battery and booster had been installed 
the steam consumption would not be reduced to the minimum because 
of the unnecessarily large ratings of the generators, still the economy 
effected would be on such a scale as to pay for the introduction of the 
equalising plant and a steady voltage, and reduced wear and tear would 
be additional advantages gained. In the installation referred to meal- 
hour and week.end loads are taken by the battery, and it must be 
pointed out that one of the generating sets is now a spare instead of a 
necessity—this over and above the economy effected. Previously 
there was no spare. It appears to me that but little can be said 
regarding rather out-of-date plant in works—although the plant in the 
works referred to is quite up-to-date— since, even in such an up-to-date 
installation as that of Glasgow Corporation, a saving of 16 per cent. in 
coal consumption was actually made in one year without the aid of an 
equalising agent, and therefore presumably by improved plant or 
methods. By all means let us have improved stoking, but let us not 
throw away the advantage to be gained from the use of a good 
equalising plant. I believe the reduction in coal consumption from 
6% to 5 lbs. per unit at Greenock was due entirely to the equalising 
plant ; any further reductions may have been due to improved methods 
of firing. It should be observed that in works such as those mentioned 
in connection with Table II. the effect of diversity factor is inconsider- 
able, and in this the load differs from that on such a large tramway 
undertaking as the Glasgow one; the load fluctuations are very 
large and exceedingly quick. I myself have seen very large loads 
which needed no equalising agent, and the installation of a battery and 
booster to obtain not a steady load but a steady voltage is out of the 
question on the score of cost. A voltage regulator without a battery is 
all that is required. 

Mr. Lackie's figures for the cost of batteries are very misleading, 
the cost per kilowatt of a battery varies with the rating taken, and on 
the ro-hour rating, say, the cost of a battery per kilowatt would be 
preposterously high. The figure of £24 is for about the 3-hour rating 
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presumably, but it should be borne in mind that batteries working 
automatically can be discharged with perfect safety up to three times 
the 1-hour rating, say six times the 3-hour rating, reducing the above 
figure to £4 per kilowatt, which is available just at the very time it is 
required. This, of course, upsets Mr. Lackie’s other figures as to cost 
per unit. It is quite impossible to say in general terms what proportion 
the capacity of the battery should bear to that of the station. If the 
battery is to be used as a buffer its size will simply depend on the 
magnitude of the load peaks and dips, and be independent of the mean 
load. On a load consisting of a very large number of motors those 
peaks and dips may be negligible in comparison with the mean and a 
battery not be necessary as a buffer. On the other hand, if a battery 
is required to act as a standby in the event of engine failure or to handle 
a load unassisted over a period of time, its size will be settled by a 
consideration of the readiness with which repairs can be carried out or 
other generating plant started up, and a knowledge of the load during 
the required period of time respectively, and of those every engineer is 
judge for himself. Several speakers in the discussion on the paper at 
Manchester are users of boosters, and their remarks in connection with 
savings and reliability obtained should help to convince Mr. Lackie 
that there is something in this type of plant for use even in central 
station work. 

I have been concerned in the installation of some Highfield boosters, 
and the object of the later modifications is not to overcome inductive 
lag but to get over the over-compounding effect of a line diverter. 
Mr. Downie has been misinformed regarding the Gary Steel Works 
plant. The rolling-mill motors arc provided with automatic regulating 
features, and those are described in a paper by Mr. B. R. Shover.* 
Fig. 8 was obtained from a Highfield booster installation. Of course, 
as Mr. Kelsall says, the cost of the extra copper and the loss in 
efficiency are the real points in connection with Class A boosters, but 
when those disadvantages are added to the cost of laminating the fields 
of those boosters and the other disadvantages they possess, the sum 
total is quite considerable. I mentioned a rolling-mill plant connected 
across the motors of alighting system where an Entz booster is installed. 
Incidentally I said that the maximum demand was expected to be about 
800 amperes, but that it actually was much in excess of this, the 
breakers being set for 1,600 amperes, and tripping continually. 

It is very possible that the present methods of operating auto- 
matic boosters may be improved upon; as Mr. Taylor says, the 
shapes of the battery charge and discharge curves are sources of con- 
siderable trouble. It is refreshing to hear a user of batteries spcak 
in their interest ; usually they receive very little sympathy indeed. Un- 
doubtedly it is a bad thing to try and store energy in a battery at too 
high a rate, and some boosters absolutely refuse to do it—see Fig. 8 in 
the paper—but I would point out that with some externally regulated 


* Transactions of the American Institute of Electrical Engineers, vol. 28, part 1, 
р. IOI, 1909. 


1911. ] BATTERY BOOSTERS : DISCUSSION. 871 


boosters it is possible to limit the charging current to a desirable value, 
and allow the generator current to decrease, and at the same time to 
get a good equalising action for all normal working, and to avoid the 
extreme conditions with which Mr. Taylor deals at considerable length. 
With regard to regulating switches, what must be the state of affairs 
with them if so many difficulties are encountered with the use of 
boosters? Series paralleling of boosters as described by Mr. Taylor 
would be quite impracticable on just such loads as an automatic 
booster would be useful for, and the extra cost of cable and switch- 
gear required, togcther with the cost of the extra cells proposed, would 
go far in any case to counterbalance any saving obtained from a 
reduction in booster capacity. If the battery is to discharge on every 
occasion of a peak it should charge on the occasion of every dip; if it 
it is not allowed to charge in this way its capacity will require to be 
greater. Dips equivalent to the 1-hour discharge rating of the 
battery can be handled quite safcly, the battery being operated 
normally at a state of about half full charge. Its voltage seldom falls 
to that corresponding to its being empty at the 1-hour rate. The 
whole question is a matter of the energy required by the station load. 
This is equivalent to some steady value of current at busbar pressure 
over the period of working, but, if an equalising battery and booster 
are employed, the generator requires to give a somewhat higher value 
of steady current than that referred to, in order to make up the losses 
in the equalising plant. With a given battery the booster voltage to 
put a definite current into it is practically equal to that required to 
draw the same current from it, the line voltage remaining constant, and 
the battery being in a good working condition. If the line demand 
increases above the value which the generator is set to do the battery 
discharges, but all the discharge is not absorbed by the increase in 
load ; part of it goes to drive the booster motor. Similarly, if the line 
demand decreases the battery charges, but the entire drop is not 
available for the battery; part of it again goes to the motor. An 
increase in the number of cells would reduce the energy supplied 
to the booster motor on discharge, but would increase it on 
charge, so that no decrease could be made in motor capacity, 
assuming that nothing is provided to check either charge or dis- 
charge. Any decrease in the size of the battery because of the 
reduced power taken by the motor on discharge simply increases that 
taken on charge. The matter being one of the transference and re- 
transference of a certain amount of energy in a certain time, no 
reduction in plant capacity is possible. If, as Mr. Taylor suggests, 
the charge should be suppressed over a period the battery capacity 
must, as already said, be increased, and this goes to neutralise any 
saving effected through the booster capacity being reduced. 

All the foregoing remarks are with reference to automatic plant for 
rapidly fluctuating loads. For lighting loads having well-defined large 
peaks the case is somewhat different because the charging current may 
in some instances be kept down to such an extent, through an extension 
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of the time of charging, that the rating of the booster motor may be 


reduced. In present practice the maximum discharging current 


multiplied by its maximum voltage is usually approximately equal to 
the normal charging rating multiplied iby the maximum charging 
voltage, the voltages being in the ratio of 2:1. Any increase in the 
number of cells would increase this ratio, and put up the charging 
voltage in direct proportion to the increase in the number of cells, 
and, therefore, for a reduction in motor capacity, the reduction in 
battery capacity, consequent to the increase in the number of cells, 
would have to be of such a magnitude as to decrease the charging 
current in a greater ratio. The booster capacity would be reduced 
by the reduction in current taken by the motor on discharge and by 
the paralleling of armatures, but against this has to be set the cost of 
extra cells, switching arrangements and cables, and the saving is 
problematical even in this case. If the argument for the installation of 
a large number of cells than that at present customary is that it enables 
a greater proportion of the stored energy to be used at times of heavy 
peak on lighting loads, it is valid, but it is very doubtful whether any- 
thing can be gained in a reduction of capital cost. It is an excellent 
thing to have increased available storage if the storing can conveniently 
be done at times of light load. 

In reply to Mr. Foster, an automatic booster in an ordinary central 
station is only useful on traction, which is only a part of the load, and 
that a minor one very often. An inspection of a steel works load 
chart, for example, will show that what I say in the paper regarding 
savings is correct. The results given in Table II. are for such a load 
with a maximum mean load of about 600 amperes with peaks to about 
1,700 ог 1,600 amperes of short duration occurring rapidly one after 
the other during the whole period of working. Two 800-ampere 
generators would be required to handle the load without the battery 
and booster, whereas, with them, one at a maximum of about three- 
quarter load is sufficient, having only a steady load to handle and 
giving a constant voltage. The average mean load over the period of 
the test connected with Table II. was about 300 amperes. The other 
works mentioned in the paper employed gas engine-driven generators, 
which were probably compound, but with a load like that outlined 
above the compounding was of little avail. Regulating the voltage 
would not give the advantage of a steady load, whereas a proper 
battery and booster would give both steady load and voltage. With 
regard to the compounding of main traction generators, opinions differ 
as to its desirability. Altering the compounding of existing generators 
is not always an easy matter if it is intended to do so only when the 
generators are working with the battery and booster. If the right 
booster is used a shunt winding will do, but where the booster is 
sluggish this would lead to bad voltage and compounding is desirable, 
which, in itself, tends to allow the battery to do less work. 

I do not follow Mr. Foster's remark re tappings on the booster 
diverter coil to decrease lag. If a voltage has to be produced on the 
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booster by the сой the turns must Бе there. Traction and similar loads 
are not only within the field covered by battery booster plant, they are 
the ideal loads for automatic plant. On such loads instantaneous 
reversibility of action is the ideal aimed at in the equalising plant, and 
cell-regulating switches would be worse than useless. Their action 
must be infinitely slower than that of the most sluggish booster, and 
we know that the results obtained by the use of some of those are 
anything but ideal. Іп reply to Mr. Foster's question as to the capacity 
of the Gary booster plant, the battery consists of 2 sets of 125 cells 
in parallel, the cells being each capable of giving 4,320 amperes 
for 1-hour, and 8,640 amperes for ordinary regulating purposes 
for shorter periods. Discharges up to 25,000 amperes have been 
taken from the two sets in parallel. The alternating-current regulation 
is effected by two split-pole converters each having a continuous rating 
of 6,300 amperes in either direction, which may be increased to 10,000 
amperes momentarily as a true converter, or 14,000 amperes as an 
inverted converter. 

With regard to Dr. Garrard’s remarks, an inductive diverter would 
be rather costly, and, as it would be used with the most expensive kind 
of booster—i.e., one with a laminated field probably—it would place this 
type of booster at a still greater disadvantage, as far as price is con- 
cerned. In this connection I may say that if Mr. Foster suggested a 
system of tappings and switches on the booster field, which would be 
made to carry the total current, a diverter not being used, this method 
is impracticable. It is not possible to get a fine enough regulation, and 
the bringing of heavy tappings out of the machine would be a matter of 
considerable difficulty. I am pleased to hear Dr. Garrard say that I 
have explained the over-shooting properties of the Entz and Tirrill regu- 
lators іп a way that appeals to the practical man. The possession of 
this property by those regulators is a strong argument in their favour, 
particularly when the inherent disadvantages of the diverter type of 
booster are considered. The Entz regulator has the further advantage 
of being extremely simple. 


Мт. Rankin. 
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Proceedings of the Five Hundred and Twenty- 
ninth Ordinary General Meeting of the In- 
stitution of Electrical Engineers, held оп 
Thursday, 14th December, 1911 —Mr. S. Z. DE 
FERRANTI, President, in the chair. 


The minutes of the Ordinary General Meeting, held on 7th December, 
1911, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Hall. 


Messrs. C. W. Smith and C. F. B. Marshall were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Member. 
Bertie Cecil Wilson. 


As Associate Members. 

William Charles Kennett. 
Percival André Lundberg. 
Will Moore. 

Henry Nimmo. 

Ernest Edward Rogers. 
Henry Rottenburg. 
Charles Garrett Slack. 
James Sinclair Terras. 
Eric William A. Thomas. 
William Watson. 


Quentin Arbuckle. 

Alfred Wilson Clegg. 

John Murray Crawford. 
Arthur Everitt V. Davies. 
Michael Bruce U. Dewar, B.A. 
Talbot Duckitt. 

Arthur Edward French. 
George William Hammond. 
Arthur Е, Harmer. 

John Henry Hartley. 


As Assoctate. 
Gerald Herbert E. Vivian. 


As Students. 


Philip Charles Batstone. 
Sarat Kumar Chatterjee. 
Alec. Broughton Doyle. 
Oliver Howarth. 


Atma Singh Sarkeria. 

Charles Frederic K. Sharrock. 
Cyril Lancelot Underwood. 
Vernon Henry Wells. 


Thomas Percy Wilson. 
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Donations to the Library were announced as having been received 
since the last meeting from C. Bright, F. R.S.E., A. Bursill, Professor 
H. S. Carhart, T. Harding Churton, The D. P. Battery Company, Ltd., 
W. Duddell, The Hill Publishing Company, Ltd., Lady Kelvin, Sir 
J. Larmor, Messrs. Merz and McLellan, H.M. Patent Office, F. H. 
Taylor, T. F. Wall, and S. Zehnder ; and to the Museum from The 
Cambridge Electric Supply Company, Ltd., J. C. Chambers, and H.M. 
Post Office, to whom the thanks of the meeting were duly accorded. 


The following paper, “ Residence Tariffs,’ by А. H. Seabrook, 
Member (page 376), was read and discussed, and the meeting ad- 


journed at 9.35 p.m. 
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RESIDENCE TARIFFS. 
By A. H. SEABROOK, Member. 


(Paper first received 1418 Fuly, 1911, received in final form 23rd October, 1911, 
and read before THE INSTITUTION on 14th December, 1911.) 


PRELIMINARY. 


The cost of supplying a residence consumer with electricity is com- 
posed of two parts :— 


(a) “ Standing cost,” or the cost of being “ ready to supply " him, 
made up of capital charges, the greater part of manage- 
menticosts, a small proportion of repairs, wages, coal, etc., 
and all charges which depend upon the maximum power 
he requires at any one time. 

(5) “ Running costs,” made up of a small proportion of manage- 
ment expenses, and the greater portion of repairs, coal, 
wages, oil, stores, etc., and all costs which vary in propor- 
tion to the number of hours per annum he uses power. 


No tariff is theoretically sound which does not differentiate between 
these two sets of variable costs, and which does not charge the 
consumer separately as to his standing costs and as to his running 
costs. 

Another factor also has to be taken into account in tariff making, 
and that is “expediency.” It may be quite justifiable on commercial 
grounds (and by “commercial grounds” is meant from the point 
of view of the balance-sheet of the undertaking) to take a line of 
action which, viewed by itself, appears to be unsound. A tariff 
which does not allow for expediency will be a failure. 

Here are one or two examples of expediency :— 

When the St. Marylebone undertaking was acquired from the 
Metropolitan Electric Supply Company the consumers were given 
the option of remaining on the company’s flat rates of charge per 
unit, the Council’s standard tariff being the Wright maximum demand 
system. The pedant said they must all be treated alike, new and old 
consumers, The Council said, “ Мо, we shall lose business if we 
exercise compulsion.” Thus, though in St. Marylebone a fiat rate 
is! not considered to be a correct method of charging, it is permitted 
in these cases on the ground of expediency. 
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Expediency has to be used in the case of severe competition ; for 
instance, lower prices are usually charged for energy for arc lamps 
outside shops than for inside lamps, this is on account of their advertis- 
ing effect, and also because of the nature of gas comvetition. Th. 
arc lamps are used during peak-load time, and there is no ground 
for making a reduced charge except on that of expediency, but the 
effect upon the balance-sheet is beneficial. 

Again, if a residence consumer іп St. Marylebone adopts the “ tele- 
phone” system of charge, which necessitates the complete wiring of the 
premises for lighting, and the exclusive use of electricity for artificial 
lighting, he can have units for all other purposes at 1d. each. Some of 
these "other uses" come on the реак and some do not, and in many 
cases there is no apparent justification for supplying them at 14. 
per unit, but the procedure induces extended use of electricity for 
lighting, and it practically amounts to this, that the whole of the 
standing charges are put on the lighting business in-tead of being 
divided up between the lighting and the other uses, and ‘other uses " 
units are merely charged with the additional cost (capital and revenue 
account) of supplying them. Charged in this way id. per unit shows a 
profit. By itself, it may not appear to be sound, but from the balance- 
sheet point of view it is quite good. 

It cannot be said that any hardship is thus imposed upon light- 
ing consumers, because the 1d. units are available for any one who 
likes to use them. Moreover the business is remunerative at 1d. per 
unit, and if a higher price were charged—that is, if the full present 
standing charges were put on the “other uses” units, the “ other uses” 
business would not be obtained. 

The principle of basing the charge for additional output on the cost 
of additional output was insisted upon and firmly established at the 
Local Government inquiry at West Ham in 1909, and has been generally 
supported since by eminent authorities on electricity supply. 


CHARACTERISTICS OF A RESIDENCE TARIFF. 


The characteristics to be desired in a residence tariff are :— 

1. It should ensure a proper return from each consumer upon the 
total cost of supplying him, this cost being made up of standing and 
running charges, and the ideal tariff must take into account variables 
of each, and not assume them constant for all consumers. 

2. It should be as simple as possible and capable of easy explanation 
to the consumer. 

3. It should render unnecessary the use of more than one meter and 
one system of wiring, however varied the application of electricity, 
and it should hold out special inducements and facilities to consumers 
to make the freest use possible of the electric service for all the 
purposes that it can be adapted to ; it should facilitate the installation 
of the greatest number of points and encourage the long-hour use 
of electricity for lighting. 

VoL. 48. 25 
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4. It should be cheap in application as regards accountancy, book- 
keeping, and labour generally, and should eliminate as far as possible 
complaints from consumers, which, of course, means a saving in 
labour. 

5. It should possess great flexibility as regards the number of lamps 
installed, so that a consumer may install and pay for exactly the amount 
of light he requires, and he should not be charged on any arbitrary 
assessment based on the amount of light which is considered necessary 
for his purpose. 


RESIDENCE TARIFFS AT PRESENT IN USE. 


These may be put under three heads :— 

(a) The Flat Rate per Unit.—This is the most common system of 
charge; it does not take into account the consumers demand but 
merely his consumption of units. 

(b) Flat Rate Charge per Kilowatt of Maximum Demand and no 
Charge per Unit. 

(c) Hopkinson Differential Rates.—These consist of a primary and 
secondary rate of charge for standing and running costs, thus charging 
for maximum demand required as well as for units used. There are 
various methods of applying the principles laid down by the late 
Dr. John Hopkinson. 

The following are some of the best known varieties :— 


. Wright maximum demand system. 

. Norwich or rateable value system. 

Detroit system. 

. Contract demand system (Handcock and Dykes).* 
. Glasgow system. 

. * Metropolitan " system. 

7. “Telephone " system. 


A&W N 


These groups will now be considered in order to ascertain how 
far they meet the requirements as set out on page 377. 


(а) THE FLAT RATE PER UNIT. 


By this tariff the consumer is charged by meter so much per unit, 
with or without discounts, and regardless of his maximum demand. It 
therefore ignores an important item of cost, viz., standing charges, and 
it assumes that all consumers require the same proportion of units to 
their maximum demand, which is unsound and theoretically indefen- 
sible. For example, іп а district where the flat rate is 4d. per unit, the 
occupants of two houses would be charged the same price per unit 
even if one were away for half the year and the other were generally 
at home throughout the year. It is obvious that one consumer is 
overcharged and the other is undercharged. 

Another more serious objection, is that separate wiring has to be 


* Sournal of the Institution of Electrical Engineers, vol. 41, р 332, 1908, and vol. 44. 
р. 57, 1910. 
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installed before electricity can be employed for “other uses" than 
lighting, because consumers will not pay 4d. or 6d. per unit to run 
kettles, irons, toasters, and such apparatus. 

There is a growing tendency on the part of residence consumers to 
make use of such auxiliary apparatus, and unsuitable tariffs should not 
be allowed to stifle the demand which is being so carefully and 
assiduously cultivated by manufacturers and some electric supply 
managers. 

There is no doubt that auxiliary apparatus merely requires to be 
brought efficiently and tactfully to the notice of consumers and they 
will adoptit. In residence districts where suitable tariffs are in force the 
aggregate business in other uses is large and is rapidly increasing, though 
it may be made up of small items. This business may be encouraged 
to such an extent that these “other uses" units will yield as valuable 
and important a proportion of the total revenue as the power load 
in industrial areas. In fact, it would not be unduly optimistic to say 
that they will eventually become more important, as there is a bigger 
public to use electric heating and cooking than there is to use power, 
and the prices charged for electricity and electrical apparatus are now 
sufficiently attractive to encourage a great and immediate expansion 
of business. 

The flat rate per unit has another serious drawback. It does not 
encourage the long-hour use of electricity for lighting, such as 
basement lighting, a most desirable class of load which cannot be 
obtained in any quantity even at as low a flat rate as 3d., but which a 
differential tariff will nearly always secure, because the low secondary 
rate encourages the free use of electric light in dark places and on dull 
days. Where a flat rate per unit is in force, gas is used in basements 
and during dull weather, leaving to electricity the evening peak 
lighting. Itis not surprising that the organs of the gas industry view 
with profound dislike, veiled by ridicule, any advocacy of a simplified 
differential tariff for general domestic electricity supply. 

In spite of the foregoing statements, there is little doubt that 
“expediency” demands a flat rate for lighting as an alternative to 
the differential tariff, but it must be a high flat rate. say not less than 
6d. per unit. The reason is, that some consumers use electricity for a 
very few hours per annum, and it is possible that they might pay as 
much as 2s. per unit on the Hopkinson system. Though this may be 
justifiable from the point of view of cost, as it can quite easily be 
imagined that certain consumers may cost fully 2s. per unit to supply, 
he would be a bold supply manager who tried to get such a figure. 

An alternative flat rate of 6d. seems a high enough one for most 
districts, practically none but short-hour consumers would adopt it, 
and they would probably not be remunerative. It is, however, a useful 
tariff to have for the purpose of fixing up consumers temporarily, and 
in cases of changes of tenancy, short lets, sub-lets, and new-comers, 
then the differential tariff can be put to them at the convenience of the 
supply authority's district representatives. 
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Some of the London electric supply companies were severely 
criticised recently for raising their flat rates from 54d. to 6d., but it was 
the proper and correct course for them to adopt, as they were intro- 
ducing a differential tariff, and were therefore compelled to keep the 
flat rate high. It requires strength of mind to do a thing which 15 
bound to be temporarily unpopular with consumers, even though 
undoubtedly beneficial to both consumers and undertaking in the 
long run. 

As regards the advantages of the flat rate, it is extremely simple, 
cheap as regards accountancy, meter-reading and collecting, easily 
understood by the consumer, and disputes are quickly adjusted. 


(b) FLAT RATE PER KILOWATT OF MAXIMUM DEMAND. 


This is analogous to the unlimited “telephone” service rate, and 
was a common system of charge in the early days of electricity supply, 
when only dusk till dawn supplies were given. 

It consists of a weekly or monthly sum per lamp or per kilowatt or 
part of a kilowatt installed, and has generally been applied to lighting 
supplies only. No meters are used, as there is no energy charge. 

From the consumer's point of view it is the simplest of all tariffs, but 
it will only be adopted by long-hour users. Probably the best known 
application in this country is that by the Fixed Price Light Company, 
who have successfully introduced it into small residences in South 
London. 

It has been applied on a small scale in St. Marylebone for artisans' 
dwellings, consisting of one-, two-, and three-room tenements. The 
price per tenement is calculated, in the case of kitchens and sitting- 
rooms, in such a way that if the consumer uses his lamps day and 
night, the price per unit obtained would be a little under 1d., and lower 
in the case of bedrooms. In practice there is not much difficulty 
experienced from consumers wasting light, as in these blocks of tene- 
ments the caretaker is a person of considerable importance, and exer- 
cises a good deal of control over the tenants. 

The price per lamp per week includes lamp renewals, and also a 
sum calculated to write off within a reasonable period the capital 
expended in wiring. The schedule of charges is as follows :— 


Single-room Tenement. 


7d. per week (one 25-с.р. osram) made up of :— 


Current ii Ў? ui 5% 44. 
Lamp renewals ыз sie es 2d. 
Installation repayment i ess Id. 


Two-room Tenement. 


Kitchen set 7d. per week (25-c.p. osram). 
Bedroom  ... 5d. per week (25-c.p. osram). 
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The latter made up by— 


Current | bis cue " EN T 2d. 
Lamps... Р a ses = ve 24. 
Installation  ... ds. м ace Pos 1d. 


Alternative for bedroom 3d. per week (one 8-c.p. carbon) made 
up by :— 


Current site fus ii T s 2d. 
Installation and lamp — a jus га. 


Three-room Tenements. 


Kitchen ies 7d. per week (one 25-c.p. osram). 
Sitting-room ... 7d. per week (one 25-c.p. osram). 
Bedroom  ... Same as for two-room tenement. 


There is a proviso that if a bedroom is used as a bed-sitting or a 
sitting-room, the 7d. rate applies. 

Tenants are not obliged to use electric light in all rooms. 

The cost of slot meters renders a metered system in these dwellings 
prohibitive. 

There are 52 tenements in the block consisting of :— 


22 single-room. 
20 two-room. 
то three-room. 


Stair Lighting —The landlords pay an annual sum of £7 Ios. for 
eight 25-c.p. osrams burning for 2,000 hours per annum, and it in- 
cludes wiring depreciation but not lamp renewals. 

Lavatories—There are 12 of these, and each is fitted with a bolt 
switch, so that the lamp only lights when the door is bolted from 
inside. The circuit is controlled from the caretaker's quarters. 

The annual sum paid by the landlords for current and installation, 
but not lamp renewals, is £4 45. for twelve 5-c.p. carbon lamps. 

The result of the first year's working will be found in Appendix IV. 
in the form of a report from the author to the St. Marylebone Electric 
Supply Committee. 

About half the tenements adopted the system immediately it was 
available, and as new tenants come in all the tenements will be 
fitted up. 

If in the future the tariff is generally applied in the district, it 
appears from enquiries made that by arrangement with the landlords 
the charge for electric light can be included in the rent, and the flats 
can be let inclusive of light. 

As it is, there is a tendency for flat owners to insist upon the 
exclusive use of electric light in their flats on account of the saving 
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in decorations, etc., and there is little difficulty in inducing landlords 
to make this compulsory where contracts for a period of years have 
been entered into for electric lighting arrangements. 

Messrs. Handcock and Dykes have put into operation a similar 
system, but a limiter is used in conjunction with it, the charge being 
based on the watts of maximum demand at which the limiter is set 
to flicker. The consumer states the number of lamps he wants to use 
simultaneously and the limiter is set accordingly. It is as expensive, 
however, to put in a limiter as a meter. 

The flat rate per kilowatt of maximum demand system has very 
wide possibilities among small residence consumers where meters are 
impracticable on account of cost, and it seems to be the only solution 
at present of the small consumer problem ; at the same time it isa very 
satisfactory solution, both to suppliers and consumers. 

It is not proposed in this paper to set out in detail any tariffs which 
have been the subject of papers read before the Institution, nor those 
which have been detailed in the British technical press, as most 
members will be already familiar with them. 

One typical American flat rate per kilowatt of maximum demand 
might be mentioned, that of the Vineyard Sound district of Massa- 
chusetts. It is stated that all new residence business is being gained 
on this system, and the use of meters is diminishing. The rates are 
based on the tungsten lamp, payments being dependent upon the 
maximum number of lamps in use at any time. 

The Electrical World * states: “ Usually the customer's word is 
taken as the basis of a contract" (which seems a loose method to 
adopt) “апа in case of any question a Wright demand meter readily 
settles any difference." 

A charge of 9jd. per week is made for the first 25-watt lamp 
connected in a residence, the second and third are charged at 6}d. 
each per week, and all in excess of these are charged at 44d. per week 
each. “Convenience” lamps (i.e., cupboards, larders, bath-rooms, etc.) 
are permitted in the ratio of 1 to 3. 

The customer is not expected to use over one-third of his connected 
lamps at any one time, without special permission from the company. 
It is evident that this particular company serves a district containing 
chiefly small houses. 

Onc would imagine that the inspection costs would be heavy with 
such a system, as no mention is made of locked lamps to prevent 
changing the wattage. Тһе charges appear high, but electricity costs 
are high in the States, and the flat rate per unit in the Vineyard Sound 
district is from 124d. to 74d. per unit net. 

A good example of an American controlled flat rate per kilowatt 
of maximum demand is that in force at Superior, Wisconsin. 

The minimum amount which can be contracted for is 100 watts. 
The rate is да. per 32-watt lamp per week. In order to cater for the 
flat-iron business, which is such an important source of revenue in the 

ж Electrical World, vol. 57, p. 826, 1911. 
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States, a separate flat-iron circuit is connected on the service side of 
the limiter, and 2s. 1d. per month is charged per iron. 

This appears to be the only case on record where apparatus other 
than lighting is charged for on a flat rate per kilowatt of maximum 
demand, and considering that it is possible to toast, boil, grill, beat 
a room, cook, and do sundry other things with an electric iron, it seems 
a delightful system from the consumer's point of view. "The limiter 
flickers the lights when the lighting watts contracted for are exceeded. 
Those adopting this system are nearly all small consumers. 

The Electrical World * in an article says that while it may seem 
strange that these consumers will sign a new form of contract (most 
of them are changing over from the flat rate per unit) agreeing to pay 
the company as high an annual amount as they were on a meter basis, 
this fact is easily accounted for by the eagerness of the average person 
to be frce from the fear of running up large bills when on a meter 
basis, and by his desire to know exactly in advance what the electric 
light service will cost. 

The conclusions one may come to with regard to the flat rate per 
kilowatt of maximum demand are :— 


I. It is only suitable for small long-hour users. 

2. A "limiter" spoils it on account of increased capital cost, 
which the system is mainly designed to avoid. 

3. The system is preferable for small consumers to one using slot 
meters, because the latter has the objection of the flat rate 
per unit resulting in a low load factor and restricting the use 
of electricity for all purposes, and besides, the cost of meters 
is too great for small installations. 


(c) HOPKINSON DIFFERENTIAL RATES, 


It would be difficult to find an electric supply manager who would 
deny that the Hopkinson principle is the only scientifically correct 
basis of charge, whether he adopts it or not himself. 

The question then arises, Why are there so many flat rates per unit 
in force? 

The answer is, Because of the difficulty of applying the Hopkinson 
principle in a simple and easily explained and understood system of 
charge, which complies with the requirements of expediency as well as 
with the laws governing supply costs. 

The following extracts from the Electrical World { serve to indicate 
the views held in the States on the subject of tariff making. In an 
article on the Detroit system it is stated that “It is now generally 
accepted that an equitable system of charging is one based on the 
consumer’s maximum demand, and that the average rate per kilowatt- 
hour which he pays must be dependent upon the number of hours that 
the maximum demand is used for the year.” 


* Electrical World, vol. 55, р. 597, 1910. t Ibid., vol. 54, p. 39, 1909. 
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Again, referring to an electric convention, it is stated * that “ опе 
gratifying feature of the discussion was the unanimity of opinion 
expressed on the subject of rates. The authors of papers and discus- 
sions practically all agreed that a proper system of rates for electric 
service should recognise the two elements—namely, fixed charges and 
variable running expenses, and that, whatever the exact figures adopted 
by a company, these two elements should enter in making the kilowatt- 
hour rate.” Further on it states: “It is indeed difficult for those who 
have studied this matter for years to realise the ignorance of the ürst 
fundamental principles of rate-making among some of the smaller 
companies." 

In this country the last sentence will apply to the large as well as 
the small supply authorities, because most of the large ones which 
should lead the way are peacefully sleeping upon inconsistent flat 
rates per unit. 

In spite of this, one hears frequently the expression of opinion that 
tariff discussions are uninteresting and ünnecessary. This opinion is 
nearly related to that sometimes expressed by supply managers, who 
appear to be satisfied because they have practically all the houses in 
their area connected to the mains. One wonders how many of these 
houses are using more than то per cent. of the possible amount of 
electricity they could be induced to use were a suitable tariff combined 
with a business-getting department in existence. 

It is fallacious and misleading to claim that there is any district in 
this country which is so soaked with electricity that it could not be 
made to take up many times the number of units it uses now, greatly 
to the financial advantage of the company or corporation supplying 
them. 

Turning again to the Electrical World, it states in a leader dated 
August 25, 1910 +: “Those building rate systems should first of all 
recognise the three factors—kilowatt-hour, maximum demand, and 
consumers’ costs— which enter into the expense of serving апу con- 
sumer, and once these are fully recognised and reckoned with the 
exact form or name of the rate system is not of so much con- 
sequence." 

On November 3, 1910, the Electrical World gave an account of the 
Illinois Electric Convention, and stated that the Committee on Rates 
finaly took up the differential rate, which, in general, is the form 
advocated. It was the unanimous conclusion of all whc lave studied 
the subject of rate-making that rates, if equitable, must bear a definite 
relation to load factor. 

Thus it would appear that the correctness of Hopkinson's principles 
are quite as fully agreed in the States as here. In both countries the 
rcason why tariffs on these principles make such little headway is the 
same, viz., the difficulty in applying those principles in the form of a 
simple tariff. 


* Electrical World, vol. 54, p. 1075, 1909. 1 Ibid., vol. 56, p. 412, 1910. 
1 Ibid., vol. 56, p. 1036, 1910. 
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The best known of the Hopkinson systems are :— 


1. THE WRIGHT SYSTEM. 


This system is well known, and needs no description. Its main 
disadvantages are :— 

(a) It is impossible for the consumer to understand it, and that is a 
most serious bar to obtaining new business. 

(A suitable tariff is one which is a “ business getter ” in itself.) 

(b) It is practically impossible for the consumer to use electricity 
for other purposes than lighting, unless the number of units per 
quarter at the primary rate is agreed and the demand indicator 
reading ignored, in which case the system really comes under one of 
the tariffs described later on. 

(c) It is expensive in capital cost, meter and accounts department, 
and the cost of settling consumers' complaints is excessive. 

(d) Consumers do not, as a body, appreciate the value of the low 
secondary charge, consequently the system tends (with a few excep- 
tions) to restrict the usc of electricity. 


2. NORWICH, OR RATEABLE VALUE SYSTEM. 


This is a differential system, in which the primary rate is a fixed 
percentage of the rateable value of the house, all units being charged 
at a low price of 1d. or thereabouts. 

It has several advantages, being extremely easy for the consumer 
to understand, and therefore a good “ business getter” ; it is cheap in 
application, it encourages the use of electricity for other purposes than 
lighting, only one meter and system of wiring is required, and it 
encourages liberal use of electricity for lighting. 

It has, however, several serious drawbacks. It is an “inflexible” 
rate, because it assumes that each consumer in each similarly rated 
house requires the same number of watts for lighting, whereas in 
practice it is found that the requirements of different persons in similar 
houses differ enormously. One must assume that a middle course is 
taken in the assessment of primary charge, the result being that the 
person who requires double the normal amount of light will adopt the 
system and thus save considerably in his accounts, and the person who, 
on account of meanness, impecuniosity, or preference, uses less than 
the normal amount of light, will not adopt it because it will not рау 
him. 

With a Hopkinson tariff the primary charge should be based on 
the consumer's lighting installation, whether the latter be liberal or 
otherwise. 

The second serious defect in this system is that it relies upon 
houses assessed at the same amount for rating purposes requiring 
similar installations of electric light. This must be a serious difficulty 
in nearly all districts. 

It makes it impossible to adopt the system in a district such as 
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St. Marylebone, as there is a great difference in the rateable value of 
a house with no grounds, garden, or outhouses, and a house of similar 
size with a garden and extensive outhouses. 

Again, the rateable value of two houses of the same size and only 
one street apart from each other, may be very different. Position, at 
any rate in London, affects rateable value considerably. 

The tendency for people to leave houses and occupy flats is increas- 
ing, and at one time it was thought the Norwich system of charging 
could be applied to flats—it turned out, however, to be a more 
unworkable case than the other, as apart from the rental value of 
blocks of flats varying in different districts, according to the facilities 
given by the landlords to the tenants and the age of the buildings, 
there is a considerable difference in the value of suites of the same size 
in the same buildings, due to the positions of the suites. 

If factors are admitted correcting for locality, etc., the Norwich 
system might become possible, but that procedure opens up in- 
calculable difficulties and vitiates the whole idea of the system. 


3. DETROIT SYSTEM. 


In this system the primary charge is based on the number of rooms 
in a house, etc., in the form of a predetermined number of units per 
гоо at a high price per unit, all additional units being supplied at a 
low secondary rate. 

The author is not aware of any application of it in this country, but 
it is in use in Detroit and other cities in the States. The South Suburban 
Light and Power Company apply it as follows :— 


For the first 3 rooms ... IOO Watts per room. 
» next4 y TN бо ,, i 
- Bib с a 40. , T 
j „ 0 , Sa 35 54 » 
т 53 oa e" 25 . S 
Allover 25 ,, T 25, j 


All rooms are counted, and halls, pantries, bath-rooms, lavatories, 
are called rooms for the purpose of assessment. 

The watts assessment having been fixed, the monthly charge (up to 
10-k.w. capacity) isat the rate of £10 per kilowatt per annum, and the 
secondary charge (up to 12,000 units per annum) is 24d. per unit. 

In arguing the advantage of this system, Mr. A. C. Einstein 
(Electrical World, November 3, 1910*) points out, in comparing it 
favourably with the demand indicator system and connected load basis 
of primary charge assessment, that for the general run of consumers the 
cost of demand indicators in addition to meters is a burden which 
supply companies endeavour to avoid, and many companies now base 
the primary charge on a percentage of the watts connected. 


* Electrical World, vol. 56, p. 1077, 1910. 
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He then points out the objections of the primary charge being based 
on the connected load, one of which is that the economically. minded 
consumer who puts in a few lights is in a more favourable position than 
the man who freely illuminates his house. 

Another objection is that this (connected load) basis of arriving at 
the primary charge restricts the business of the supply company, 
because it discourages the consumer from installing convenience and 
decorative lamps. Another of Mr. Einstein's objections is that the 
consumer may increase his connected load immediately after inspection 
by the company. He then goes on to advocate the “room” basis of 
assessing the primary charge. 

All this is interesting because it describes the line of thought which 
led Mr. Einstein to adopt the “room” basis of primary charge, and 
as this system has some of the disadvantages of the Norwich system, 
and because the author is so firmly of opinion that the “connected 
load" is the correct basis for the primary charge, he will endeavour to 
show that the disadvantages of the connected load basis, pointed out 
by Mr. Einstein, are easily surmountable, and that more mature 
consideration would have saved him from adopting a system which, 
unless he made it compulsory, would only attract the extravagant 
consumer, and then having obtained him would not charge him with 
his proper amount of primary cost, because the primary charge on the 
room basis encourages him to increase his maximum demand at no 
increased charge. Unless the primary charge is fixed so low that 
a still greater loss is incurred in supplying the extravagant consumer, 
the more economical consumer will not adopt it, and there are many 
consumers who would not increase their illumination simply because 
they were told that if they did there would be no extra charge. 

Turning to Mr. Einstein's first objection to the connected load 
basis, viz., the advantage of the mean consumer over the liberal 
consumer, it is the practice in charging on the connected load basis 
to count for assessment purposes only “active” lamps; ''inactive," 
* convenience," or “decorative” lamps are ignored. This is quite 
an established practice and answers excellently, because it does not 
deter the consumer from installing these extra lights which on account 
of their diversity, far from being objectionable, actually improve 
the consumer's load factor. There is no necessity on the connected 
load basis to cause any restriction of the installation. 

Mr. Einstein's next objection is that the consumer may vary 
his connected load once it has been assessed ; this, of course, implies 
the dishonesty of the consumer, because if he does this he is 
deliberately taking some one else's property without paying for it. 

General experience is that although there are some consumers 
who will do this kind of thing, they are a very small number, and 
under a properly drawn contract they can be prosecuted if it is desired 
to go sofar ; where it has been found to have been done it has generally 
been unwittingly and not deliberately. Where it is suspected, a 
demand indicator will generally show it up. 
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Even granted that this were done to a considerable extent, it still 
leaves the connected load basis preferable to an unlimited room basis, 
as it is applicable to all consumers and not a section, and each man 
pays for exactly the size of installation he wants, whether it is large 
or small. 

An important point in any connected load basis is that it should be 
stipulated that no other artificial illuminant but electric light should be 
used ; it is perfectly easy to get consumers to agree to this. 

The room basis as applied in Detroit is slightly different to the 
method of application used by the South Suburban Company. It 
is more complicated and less easily understood by the consumer, 
because in place of a plain charge per room the primary charge is in 
the form of so many units per month per room. 

The schedule is as follows :— 

The charge is 8d. per unit up to a point where the customer's 
consumption equals 2 units per month for each of the rooms in the 
house which are counted, and 2d. per unit for all electricity used 
in excess of that amount. 

Only the principal rooms are counted ; those not counted are 
kitchen, lavatory, store-room, and 3 bedrooms, also unfurnished 
attics, closets, bath-rooms, stairways, halls, servants' rooms, pantries, 
porches, and vestibules. 

Fans, flat-irons, stoves, and cooking devices and other uses than 
lighting are not counted in the demand charge, so that the consumer 
can use these devices at the secondary rate of charge. 

Some of the Detroit real estate dealers are inserting a clause in 
their leases providing for the exclusive use of electric light in their 
rented residences. 

The advocates of the system point out, as Mr. Einstein does, that it 
encourages the free installation of '* convenience" lamps, whereas the 
connected load basis actually discourages them, which, as has been 
shown, is quite a wrong assumption. 

The Detroit system, as employed at Toronto, Canada, is in the form 
of a primary charge of sd. per room per month, and 144. per unit 
energy charge, and the following rooms are not counted: unfur- 
nished attics, passage-ways, bath-rooms, cellars, porches, and out- 
buildings. 

At Milwaukee the system is applied as follows, and is rather more 
complicated than at Detroit. An annual contract is insisted upon. 

(a) A primary charge of 6d. per unit for (1) the first 4 units per 
month for cach of the first four active rooms ; (2) the first 2] units per 
month for each of the active rooms in addition to the first four. 

All rooms are counted as active except three bedrooms, bath-rooms, 
basement, garret, closets, and back porch. 

(b) The secondary charge is 24d. per unit for all energy in excess of 
that paid for at thc primary rate in (a) up to a total of 100 units, and 2d. 
per unit for the next 9oo units. 
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4. CONTRACT DEMAND SysTEM.* 


On this system the primary charge is based on the connected load, 
and the consumer states his maximum demand required in kilowatts, at 
which figure a limiter flickers the lights when that maximum demand is 
exceeded. 

The system has many advantages as regards simplicity, and would 
be almost ideal if lighting were the only use to which electricity can 
be put. 

The disadvantage which puts the contract demand system right out 
of court is the impossibility of using clectricity for other purposes than 
lighting ; irons, kettles, etc., are all barred because they cannot be used 
at the high-lighting rate of charge. 

The originators of the system do not seem to mind if “other uses " 
are barred unless the full lighting fixed rate is paid, because they say 
the “other uses” apparatus is on at peak load time, and therefore ought 
to bear the full standing charges. True, a portion of it does come in at 
peak, but a large portion does not, and in practice it is found that the 
diversity of this class of load taken in bulk entitles it to be charged at a 
much lower rate than lighting, which has practically no diversity. 

Authorities on tariff making, both in this country and abroad, are 
agreed that energy for “other uses” than lighting can profitably be 
charged at the secondary charge only, and that no primary charge 
should be attached to it. The rate per unit for the secondary charge 
must, of course, be fixed by each undertaking according to its cost of 
supplying additional output. 

For instance, this secondary rate of 1d. per unit for other uses in the 
case of St. Marylebone would be somewhat speculative if consumers 
were not bound to use no other artificial illuminant but electricity 
before they could obtain the rd. rate for other purposes. 


5. GLASGOW SYSTEM. 


The system recently put into force in Glasgow is as follows :— 

Up to 800 hours’ use of the maximum demand the primary charge is 
3d. per unit (the present flat rate of charge) and all additional units 1d. 
—the secondary rate. 

Mr. Lackie found that the average residence consumer used his 
maximum demand for lighting for 800 hours per annum, and in his 
report on the subject, he says : “I propose that the initial charge for the 
first 800 hours use of the maximum demand should be on the principle 
of a proportionate number of 3d. units in each two-monthly account 
period, all the units consumed over this fixed quantity in the period 
being charged at id. This would let the consumer see in every account 
that as a result of using energy for other than lighting purposes, so 
many units are charged at 1d.” 


* Handcock and Dykes, journal of the Institution of Electrical Engineers, vol. 41, 
р. 332, 1908, and vol. 44, p. 57, 1910. 
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The trouble is, however, that the consumer would be sadly alarmed 
at his farst bill if he put in a kettle and an iron. 

Suppose he had 1 k.w. of maximum demand for lighting and used 
800 units per annum = £10, then he put in the kettle, iron, and perhaps 
a hot plate, taking altogether 24 k.w. He will argue, in his innocence, 
that he will use many units over the 800, say, a further 800 at 1d., and 
his bill will then be £13 6s. 8d. ; but what really happens is that he had 
to use 800 times—about 2 k.w. instead of 1 k.w. (owing to his “ other 
apparatus” ) at 3d. per unit, which is £20, and then there will be his 
extra units (if he gets any, which is unlikely) at 1d., so that this system 
will work out very differently from that expected by the consumer, and 
instead of his units of increased use being at 1d. per unit they will be 3d. 

The only way to get over this difficulty is to assess the lighting 
maximum demand. If Mr. Lackie did this (he may be doing it now), 
and then turned his 3d. units into a quarterly or annual sum and 
charged all units at 1d. he would be very near to a satisfactory tariff 
and to that which is advocated at the end of this paper. 


б. “ METROPOLITAN " SYSTEM. 


The * Metropolitan " system, which is used by the Metropolitan and 
the Brompton (London) Electric Supply Companies, is based on the 
connected load and consists of three charges :— 


(a) Primary kilowatt charge. 

(6) First energy charge 2d. per unit, the amount in f s. d. at 2d. 
per unit to be equal to the amount of the annual primary 
charge, then all units in addition are charged at :— 

(c) The second energy charge at 1d. per unit. 


The Metropolitan Company's official notification is as follows :— 

New Contract Tariff.—' The company are prepared to quote con- 
sumers in Paddington a fixed annual charge payable by quarterly 
instalments in consideration of which all units supplied, whether for 
lighting, heating, or cooking, will be charged at 2d. up to the value of 
such annual charge, and for all in addition at 1d. 

* The amount of the annual charge will, of course, depend upon the 
size and nature of the installation, and a quotation will be submitted 
upon application." 

The chief advantages of this system are that separate circuits and 
meters for different classes of lighting and for heating, etc., are rendered 
unnecessary, and that owing to the price per unit being so very low, the 
use of the company's supply can be greatly extended for all purposes 
without undue expense. 

The only difference between the “telephone” system (as the con- 
tract system is called in St. Marylebone) and the “ Metropolitan” 
system, is the intermediate energy rate of 2d., and one would imagine 
that very few consumers get the 1d. rate. The author has argued the 
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point with Mr. Highfield at various times, and that gentleman's claim is 
that the 2d. units will apply to current used for kettles, irons, etc., at 
which price consumers can afford to use them, and that where more 
“other uses" apparatus is put in, such as radiators and cookers, the 
consumer gets on the та. rate. It would be interesting to hear whether 
consumers do get any 1d. units in actual practice. 

There are so many good points in the system not possessed by 
systems of charging other than the "telephone" system that this 
intermediate charge of 2d., even if it does complicate the straight 
annual charge and 14. per unit system, cannot be considered to be any 
serious disadvantage provided it is found that consumers actually do 
get on to the id. rate. 

The only objections to it in addition to this complication and 
proviso are :— 

(r) That the ordinary consumer cannot afford to pay 2d. per unit 
even for kettles and irons if extensive use is made of them, and (2) that 
it is impossible for the consumer to know when he is off the 2d. and 
on to the 1d. rate, which is one of the most serious objections to the 
Wright system. As long as he thinks he is on the 2d. rate he will try 
and be careful and economise, but if he knows that all units are at 1d. 
as on the “telephone” system, he will be more inclined to make free 
use of the service. 

The * Metropolitan" system depends, of course, upon the assess- 
ment of the lighting maximum demand, and perhaps the discussion 
will elicit some particulars as to the method of assessment. 

One of the technical journals in commenting upon the system 
remarked that if it were desired to modify the “telephone” system it 
would be much better to omit the fixed annual charge and merely 
to charge a predetermined number of units at a higher price, such 
as ба. per unit, all units in excess being charged at 1d. 

This annual or quarterly charge is the whole essence of the “ Metro- 
politan" and “telephone” systems, and it was introduced entirely to 
get rid of the difficulty in explaining to consumers the Wright maxi- 
mum demand system, and the journal referred to above completely 
misses the main object of modern tariffs, which is simplicity and the 
abolition of the primary charge in a ditferential system of so many 
units at a high rate of charge and so many at a low rate, because no 
one has yet been able to convince a dissatisfied consumer that the 
units at the high rate of charge are not jumped at by the office boy, 
and that there are accurate instruments used for determining these 
units. 


7. THE “TELEPHONE” SYSTEM. 


This is a differential tariff based on the connected lighting load. 

Appropriately enough the idea was first suggested to the author 
by Mr. Arthur Wright when discussing rates of charge for small con- 
sumers. Mr. Wright said that the revenue from the emall consumers 
would hardly stand the cost of a meter, and certainly not a demand 
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indicator as well, and the conversation then turned round about the 
desirability of fixing the maximum demand and the number of units at 
8d. per annum, and then on to quarterly and annual charges based 
on an assessed maximum demand. 

The system as described in the paper was the outcome of that con- 
versation and of the various improvements made by the staff at St. 
Marylebone as experience was gained. The author fears that a good 
deal more credit has been awarded to him than he really is entitled to, 
as the only thing about it which he fixed was the name “ telephone,” 
and that was adopted for the following reasons :— 

I. Practically all consumers, if not actually telephone subscribers, 
are acquainted with the system of charge for the telephone, which is 
roughly an annual sum, payable in advance, and id. per call. 

2. Calling the system the *telephone" system immediately causes 
people to think of the telephone charges and accustoms them to 
think of payments in advance. People in St. Marylebone could not 
have been induced to part with £25,000 in prepaid annual sums if 
there were not an excellent precedent to argue with in the telephone 
charges. The annual sum for electric lighting in a large number of 
residences and flats amounts to approximately the same figure as the 
Telephone Company's, which is a useful coincidence. 

3. Calling it the * telephone" system decided many people to adopt 
it who argued, “ Suppose I am away and sub-let my house or have to 
leave for some reason, and the house remains empty or I give up the 
house altogether, shall I get a rebate from the annual charge?” These 
are admittedly difficult cases, but they are answered that “по rebate 
is allowed by the Telephone Company under similar circumstances, 
but if you sub-let your house you can also sub-let your annual charge, 
whether for the telephone or electric light, and your tenant can pay 
you this proportion, but if you leave your house you get no rebate from 
the Telephone Company nor from us." 

4. It has frequently been most useful to be able to show a consumer 
what the Telephone Company's annual charge covers in standing and 
capital charges and then to explain how in like manner electric 
supply standing charges are almost identical, and that it costs the 
Telephone Company and the Electric Supply Undertaking a certain 
definite sum to be “ready to supply" him apart altogether from the 
number of calls he makes or units he uses, and then to show him from 
which costs the rd. per call and 14. per unit are made up. It would 
be most difficult to explain all this to the consumer if the Telephone 
Company did not exist to make use of. Thus the name is purely a 
“selling point." 

Briefly the “telephone” system is :— 

(a) A differential system with its primary charge based on 70 per 
cent of the connected lighting load at £14 per kilowatt per annum, not 
counting convenience and decorative lights and not counting any watts 
installed for other uses than lighting. 

The secondary charge is an energy rate of 1d. per unit. 
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(b) The exclusive use of electricity for artificial lighting is insisted 
upon. 

(c) The primary charge is payable annually in advance or quarterly 
at an increase of то per cent. in the price. 

(а) The primary charge is not increased in subsequent years 
provided the consumer does not increase the wattage of his lighting 
installation. 

(е) Maximum demand indicators are used in all but small instal- 
Jations and are put in circuit with the whole installation—lighting and 
“other uses” —not for charging purposes, but as a guide in noting the 
load factor of the entire residence installation. When sufficient 
information has been obtained these will be discontinued. 

(f) It will be seen that the standing charges of the entire residence 
service are based on the lighting installation. 

The advantages of the system are :— 

I. Each consumer pays his share of standing and running charges 
and separately. | 

If he only chooses to usc his service for lighting, that is his loss, the 
fact remains that it is open to him to use it for other purposes than 
lighting at no increase in thc annual charge. 

2. The system encourages longer hours' use per annum of lighting 
and does not encourage economy in units. 

3. A large amount of “ other apparatus " than lighting can be con- 
nected to the lighting circuits without the expense of separate circuits 
and meters. 

4. The system has not the disadvantage which many differential 
systems based on the connected load have, namely, discouraging the 
frec installation of lighting points, because convenience and decorative 
lamps are not counted. 

5. The system has not the objection which many differential tariffs 
have, viz., assuming that all consumers of equal size require the same 
amount of light. On the “telephone” system the consumer has to wire 
his house throughout, but he can havc and pay for the number of light- 
ing watts that he wants. 

6. The system is extremely simple in application, merely consisting 
of a quotation of so much per annum and id. per unit, and it is easily 
understood by the consumer. 

7. It practically climinates the possibility of complaints, as these 
can only refer to the number of id. units, and consequently strict 


meter accuracy is not so essential as when units are being charged at 
4d. and 6d. 


“ TELEPHONE” SYSTEM—ASSESSMENT OF PRIMARY CHARGE. 


Seventy per cent. of the lighting watts installed may be considered 
high (several electric supply managers have adopted бо per cent.), but 
convenience and occasional lights, such as those used in cellars, pantries, 
bath-rooms, lavatories, larders, and occasional rooms are not counted, 

VoL. 48. 26 


394 SEABROOK: RESIDENCE TARIFFS. [14th Dec., 


nor are lamps counted which are used for purely decorative purposes, 
provided there is already 1 watt per square foot of floor space (based 
on tungsten lamps) installed in the room. This proviso is obviously 
necessary to prevent a consumer claiming nearly all the lamps installed 
in a room as decorative, which in some large houses it would be 
possible to do. 

It is found in St. Marylebone that a very small house or flat uses on 
the maximum demand system 80 per cent. of the lamps installed at any 
one time ; as the size of the house increases the percentage decreases 
to 331 in the largest houses. The larger the house, however, the 
greater the number of convenience and decorative lamps, which brings 
out the 70 per cent. about right. 

Some percentages of connected lighting load on which primary 
charges are based in the United States may be useful. 

Mr. H. C. Abell, in the Electrical World, gives some interesting 
figures.* He says from his experience residences were found to have a 
demand of relatively 25 per cent. of the connected load at the time of 
maximum station demand, but by analysis it was found, owing to thc 
increased investment necessary in distribution, etc., that this should Бе 
increased in calculating the primary charge per kilowatt. 

Tentative figures of 60 per cent. of the connected load for the first 
IO lamps, and 33} per cent. for all other residential lamps, were con- 
sidered to represent the active and residential demand, the average of 
all working out to about 50 per cent.of the connected load for the 
residential demand instead of 25 per cent. In Madison, Wisconsin, 
the assessment was fixed by the Wisconsin Commission + as бо per 
cent. for the first 10 lamps (or 500 watts) and 333 per cent. for all in 
addition, and in Ripon it was fixed at 40 per cent. all round. 

In Chicago it was found that the average residence percentage of 
maximum demand to watts installed was as follows :— 


300 watts installed go per cent. maximum demand. 


500 » » 64 ” » 
I,000 ›» ” 48 » ” 
2,000 ,, »- 46 ” » 


It does not ‘appear to be usual іп the States to ignore convenience 
lights in a differential system where the primary charge is based оп 
the connected load, because it is frequently stated by American supply 
men as an objection to the system, even where such a low figure as 
40 per cent. of the lighting installation is taken as the basis of assess- 
ment, that it discourages the installation of convenience lights. 

The author is of opinion that it is preferable to take a higher 
percentage and cut out convenience lights, because however low the 
percentage may be, if convenience lights are counted in the consumer 
will certainly be deterred from installing them, but a higher percentage 


* Electrical World, vol. 56, p. 1479, 1910. 
T Ibid., vol. 56, p. 568, 1010. 
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assessment and these lights counted out gives the same result and the 
consumer puts the extra lamps in. This, again, is a “selling” point. 


“ TELEPHONE” SYSTEM—SECONDARY CHARGE. 


One penny per unit was taken for the secondary rate because it is a 
rate at which consumers can afford to use electric heating and cook- 
ing, as at that rate electricity can compete with gas. 

One penny per unit is also quite a safe figure from the point of 
view of cost per unit in St. Marylebone, but this is a matter which 
each supply manager must consider for himself, because conditions 
differ in nearly every district. In some cases the rate could profitably be 
4d., but it is a pity to charge as low a price as 4d. per unit for cooking 
and heating, unless for the six summer months only (id. per unit is 
now being seriously considered in St. Marylebone as a summer cooking- 
rate and 1d. in the winter), as there is such a large amount of business 
to be done at rd. before there is any necessity to go any lower in price. 
As the apparatus is improved in efficiency and design those who have 
already dropped to 4d. will be rather sorry they did so. An efficient 
business-getting department would probably have prevented the 
necessity for dropping the price at this early period in the history of 
electric heating and cooking. 

It would be possible to spend a very large sum per annum on a 
first-class expert heating and cooking department for business getting, 
and then save a lot of money as against a wholesale drop in price. 

Another point in favour of the 1d. rate is that it is the same as the 
telephone charge of 1d. per call, which is of great assistance in 
introducing the tariff. 


EXCLUSIVE USE OF ELECTRICITY AS AN ARTIFICIAL ILLUMINANT. 


This is one of the essential points of the system. It would be 
inadvisable at the moment to offer, with no restriction, 1d. per unit 
for all * other uses" than lighting in St. Marylebone, but if the exclusive 
use of electricity for lighting can be obtained and thus the full standing 
charge on the premises, then 1d. per unit tor "other uses" is 
remunerative. 

It is difficult to see the object from a business point of view 
of reductions in price which do not result in immediate gain in 
some other direction. The “telephone” system means a considerable 
reduction in price to consumers already using electric cooking and 
heating, at the maximum demand rate in St. Marylebone of 2d. and 1d., 
and it is preferable to use a reduction in price in such a way that one 
can say to a consumer : “I will do so and so for you if you will do so 
and so for me. You can have a reduced price for heating and cooking 
but you must give up all gas for lighting and give me your lighting 
business." It would surprise many people to know what the results are. 
A typical case may be cited, one of many. A consumer came to the 
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showroom and purchased a radiator. The showroom attendant imme- 
diately enlarged on the advantages of the “telephone” system, the 
result was that 19 gas-light points were changed to electricity, “ tele- 
phone” system and maintenance contracts were obtained, and an order 
for several more radiators. 

As time goes on, following the principle already set out of giving a 
reduction to consumers who will only use electric light, it might be 
possible to go as far as to say * that if you give us all your lighting, 
heating, and cooking, and you do not use gas at all, we will supply vou 
with all the units at 3d. all the year round instead of 1d." 


ANNUAL CHARGE IN ADVANCE. 


In St. Marylebone, during the first two years of the "telephone " 
system, nearly £25,000 was received in annual payments in advance. 
Here again the Telephone Company's charge helped considerably. 

An increasing sum is carried forward each year in the form of 
unexpired annual payments ; this materially assists to increase the 
working capital of the undertaking. In a short time, in spite of the 
very large half-yearly payments on account of capital charges, there 
will be a credit bank balance on Revenue Account all through the year. 

A large business is done in hire and hire-purchase, the capital 
expended on which it is considered preferable to write off at the end 
of each year instead of raising loans, and a large working capital is 
particularly useful in this case, which is only one example. 

Altogether there is no reason why annual payments for electric 
supply should not be obtained in advance just as telephone 
subscriptions are. 

Although quarterly payments in advance are accepted at 10 per cent. 
increase, the number of consumers paying quarterly is negligible. 


ANNUAL CHARGE IN SUBSEQUENT YEARS. 


Many consumers raised the point that once they were on the 
"telephone" system and had mixed up a lot of other apparatus with 
their lighting, they were in the hands of the supply undertaking and 
the future annual charge could be increased and forced upon them, 
because it would be most difficult and expensive for them to go back 
to their old rates. 

To get over this the following is printed in large red type on all 
agreement forms :— 

“The annual charge in future years will not be increased provided 
you do not increase the number, candle-power, and watts, of the 
installation as per schedule attached.” 


GENERAL. 


It is difficult to imagine that any tariff monger would have the 
hardihood to claim that his pet form of tariff was perfection, and no 
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such claim is made for the “telephone” system, but the author 
believes that for the time being it is preferable to base the primary 
charge of differential residence tariffs on the connected lighting 
load. 

It must be bornc in mind, however, that when the complete electric 
service—lighting, heating, and cooking—is installed in residences, the 
proportion of lighting revenue to the total revenue per residence will 
be about one-third to one-half, and the whole aspect of residence 
supply will be changed, the lighting load factor will not then be the 
dominating factor ; lighting and heating will be still essentially winter 
requirements, cooking, taken in the aggregate, will be largely non-peak. 
Many other accessory uses, such as fans, bath-water heating, polishing, 
ironing, etc., will also be found to be largely non-peak. 

One point as to the diversity of the cooking load might be worth 
mentioning. From recording ammeter charts it is found in St. 
Marylebone that even wherc late dinners are the custom in an ordinary 
family, the midday cooking load is generally greater than the evening, 
and is perhaps due to the fact that the children, maids, governesses, 
etc., have a middle-day dinner, and also that a good deal of food is 
cooked in the middle of the day and early afternoon for the evening 
meal, as naturally the average cook prefers to leave as little as possible 
to be done in the evening. 

A large number of these recording ammeters are kept going in 
order to ascertain the diversity of load in various residences and blocks 
of flats, and the information accumulating is most valuable. 

In the Appendices also are copies of *telephone" system agreement 
forms, schedule forms, and renewal forms, copy of letters sent out 
to each “telephone” consumer, and to each consumer renewing the 
contract. 

The author is keenly looking forward to the criticism of this paper 
because he believes that the “ telephone" system isone specially adapt- 
able to suggestions, at least in his own undertaking he has found it to be 
so, and he is anticipating that the discussion on the paper will help still 
further to eliminate defects and effect improvements. 

Probably the optimist will say that in a few years time, when 
clectricity is universal, it will be possible to offer a flat rate per unit of 
1d. or less, and it will not be necessary to bother about differential 
tariffs. It is difficult to see how that can come about, because if all 
residences used electricity for all the purposes for which they use at 
present electricity, coal, gas, and oil, there will always be the long- and 
short-hour users, and they cannot be fairly charged at the same rate per 
unit. It seems inevitable that even if it were found profitable to charge 
an average price of 1d. per unit for all residences supplies, that rd. 
would be made up of consumers who cost 4d. and others who cost 2d. 
A universal flat rate must be as unfair in the future as at present unless 
some genius abolishes load and diversity factors. 
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APPENDIX I. 


Form “С ” is a “telephone” system agreement form as used іп 
St. Marylebone. 

The first and fourth pages are only reproduced as pages 2 and 3 
contain general conditions of supply. 


) 


Form * I " (a) isadata form which is filled up for each “ telephone’ 
system consumer. A great deal of the data will be omitted as soon as 
sufficient information has been collected. It was considered wise, how- 
ever, to spend a considerable amount in labour to obtain very full 
information at the commencement of the introduction of the system. 


Form M is a renewal of contract form, and the same remarks 
apply as to data. 

The apparently laborious and expensive data are not vitally 
necessary to the adoption of the tariff any more than any statistics 
are vitally necessary in any department ; at the same time one never 
knows when statistics may become of great value to an undertaking. 

Each consumer is sent a copy of his agreement, and the following 
letter, signed by the General Manager, accompanies it. Also upon each 
renewal of the contract the other letter is sent. 
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Form “G.” Telephone : Paddington 771. 


Borough of St. Marylebone Electric Supply 


Application for a Supply of Electrical Energy 
on the ‘‘ Telephone " System of Charging. 


To the Council of the Borough of St. Marylebone, 
19 & 20 York Place, Baker Street, W. 


(1) Full Chris- (1) I (or We) 
tian Names 

and Surname 

and Present (1) of . ші (s ИОС" | ) T 
Address, hereby require you to supply in accordance with the St. Marylebone Electric 


Lighting Acts, rgot to 1904, Electric Energy on the "Telephone" system, at the 
premises hereinafter mentioned, for use with the installation therein on the under- 
standing that the maximum No. of lamps is — - — . and total candle-power 
a — equal to —.— — — —- watts. And I (or We) agree and undertake 
to take and pay for such energy in accordance with the General Conditions here- 
to annexed, and that no alteration or addition in or to the installation, full 
particulars of which are specified below, shall be made without ылды 
days’ previous notice in writing to you at your Electric Supply Offices, 19 & 20 
York Place, W. 

I (or We) agree that if the candle-power and watts as set out above are 
increased duc to any alteration or addition in or to the installation, I (or We) will 
рау an increased sum, according to the Council's Standard Taritt of Charges as set 
out on page 25. If the installation is reduced, a corresponding reduction in respect 


g year 
candle 


ood for each succeedin 
crease the number 


P=] of the amount charged shall be made by the Council. 
3% Dated. |. | |— |... |. 19g 
S FFO] o vsu Signed (2). - : f 
= gia] а, 
* ч a dened | Signature 
S by the Secre- Witness 
Фе tary or Manager Address | РЕЛЕ se ea es 
р on behali оё 
"3 re РИ УНЕР Е a Electric Supply Representative 
Ф ship, һуа 
74 Member of Situation of Premises 22 = жаа ee 
м Firm for self DEARA p 
£ and Partners. Description of Premises _— __ 22 22222220 a L L L 


Purposes Electrical Energy is to be used for .— 


ere ee 


The annual ch 


Date by which installation will be completed 
Name and Address of Wiring Contractor. 


TOTAL NUMBER OF LAMPS, ETC, PROPOSED TO BE INSTALLED. 


icinden Arc Lampe. | Motors. Other (4) Total Requirements. 
Lamps. Apparatus. ee E 
Use fo Watts Watts solos 
No. Watts | No. Watts[Size Watts] Type Watts F | Installed. Assessed. АЕ: 
БЕ ____ I 5 d 
Light 
Power 
Heat 
Other Uses 
TOTAL 


Nore.—If any increase іп the number of lamps, etc., is made, a fresh form must be filled up, signed, 
and forwarded to the Supply Offices. (4) Filled in at Supply Offices. 
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SCHEDULE OF CHARGES. 


“ TELEPHONE” (ANNUAL CONTRACT) SYSTEM. 


This system is called the " Telephone” system of charging because it is similar to the charge for the 
telephone message rate service, viz., an annual sum payable in advance plus 1d. fer сай. 


EXPLANATION OF TERMS. 


The supply is given at a constant pressure of 240 vo/fs. The amount of current or electricity поо is 
measured in amperes. Volts multiplied by amperes gives the walts ; 1,000 watts = 1 kilowalt (K.w.); 1 Ёле 
for 1 hour = 1 unit. A 25 candle-power metal filament lamp takes about 135 amperes at 240 volis pressure, 
or 32 walls (240 x 7135 = 32), and will burn for 30 hours for та. at id. per unit (1,000 watts — 32 watts = 30). 

The large turbines at the Council's Generating Station have a power of 2,000 kilowatts each, and each 
will keep 60,000 25 candle-power metal filament lamps burning at one time. 

A kilowatt (K.W.) is the electrical power taken by approximately 750 candle-power (c.p.) in metal 
filament lamps, say 30 lamps of 25 candle-power each, or 250 candle-power in the old-fashioned carbon 
filament lamps (which it pays no consumer to use), Say 10 lamps of 25 candle-power each. 


“TELEPHONE” SYSTEM: LIGHTING. 


The annual charge (see schedule) is based on the number of lamps installed. 

As an example the occupier of a medium size flat has about 800 watts installed for lighting (equal to 
Phas 25 candle-power lamps) and uses about соо watts or sixtcen 25 candle-power lamps (metal 

ilament). 

On the “ telephone " system this consumer would pay £7 yearly in advance plus т. per unit for all units 
used. Special arrangements can be made for consumers wishing to pay quarterly in advance instead of 
yearly, at an increased rental of 10 f 

The ** Telephone" System o charging for Lighting can only be applied to those premises 
using no other artificial light but electricity from the Council’s mains. 


SCHEDULE, 
Annual charge Annual charge 
payable payable 
Watts. in advance. Watts. in advance. 
5. 4, 5 в. d. 
100 1 8 о 4,000 5 оо 
250 310 0 5,000 62 10 о 
500 7 о 0 6,000 72 о о 
750 IO lO о 7,000 82 5 о 
1,000 I4 оо 8,000 92 8 о 
1,750 24 IO 0 10,000 110 O O 
2,000 20 10 О 12,000 120 о 0 
2,500 32 16 3 15,000 ISO O O 
3,000 s 39 9 0 18,000 166 10 О 
3,500 e kis vs .. 48 I 3 | 
A supplementary schedule will bc supplied to consumers above 20,000 watts. 
1 WATT = ABOUT 1 OF A CANDLE POWER IN OSRAM LAMPS. 
T T T T T CARBON FILAMENT LAMPS. 


“TELEPHONE” SYSTEM: HEATING, COOKING, AND 
OTHER USES, &c. 


NO INCREASE IN ANNUAL CHARGE FOR 
HEATING AND COOKING APPARATUS. 
ALL UNITS SUPPLIED FOR THESE 
PURPOSES AT ONE PENNY EACH. 


Consumers must permit inspection to be made by the Supply Department at reasonable times. 


HIRE OF METERS. 


The charges for the hire of meters from the Council are :— 


s. d. 
Meters up to and including 10 amp. size (2,500 watts) ... T she 2 6 per quarter. 
Above 10 amps. to (and including) 25 amp. size (2,500 to 6,coo watts) 5 о do. 
„ 25 do. 50 do. (6,000 to 12,000 watts) 7 6 do. 
» 50 do. оо Яо. (12,000 {0 24,000 watts) то о do. 
All sizes above тоо amps. subs ile жа dieer ‘obs IS O do. 
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FORM “l” (a). 


ST. MARYLEBONE ELECTRIC SUPPLY. 


(1) ЕШ іп Resi- 
dence, Flat, 


class of trade. 


(2) Use this 
form for all 
premises, 
making 
necessary 
alterations 


in each case. 


Consumer’ s 


RESIDENCE TARIFFS. 


401 


« TELEPHONE" SYSTEM OF CHARGING. 


s Namc 


©) Address 
m m de state Description of Premises 


DETAILS OF INSTALLATION. 


„ы N m 


+ 


Year ending 


Total watts installed for iri 


. *Convenience or inactive lights .. 


Ref. No. 


* These are lights in bathrooms, cupboaids, опе aia 
larders and pantries, provided they are not used as silting 
or bedrooms. 


+Watts upon which annual charge is assessed 


. M.D. assessed at. 


t Residences, deduct (3). 
+ Residences, 70 % of (4). 


Business, &с., 


Annual charge, Lighting ... 
Other uses 
Power  ... 
Total " 
Total watts installed, all uses, including Lighting 
M.D. reading (L AC only) —- 

» %to No.2 
Units used. I2 months 
Average price per unit received 
Load factor based on actual M.D. 


ye ” 


” ” 


” А) 


Approximate amount of “other apparatus” 


lighting ... 


All Electric ? 
Basement House ? 


SCHEDULE OF INSTALLATION 
BASEMENT. 


ROOM, 


Passage 

(1) Stairs 

(1) Scullery 
Pantry 
Kitchen 
Sitting Room 
Bedroom 
jJathroom 
Lavatory 


Totals carried 


forward 


, include бу 


System of charging : (a) Light 
(b) Power 


| i 
| 


1 


Plugs. 


ACTIVE LAMPS 


ital с.р. 


No.of Lamps. 
Г‹ 


CONVENIENCE OR 
ACTIVE L 


IN 


Business, &c., go 96 of (4). 


than 


(2) PRESENT INSTALLATION. 


PRESENT. 


App. No. 

FUTURE. 

191 191 

w. Ww. 

Ww. W. 

w. 

үу. 

£ s d 

үу. 
Ww. 
% 

Estd. 

а. d. Estd. 

% % 

W. W. 


(c) Heating 


(d) 


I 
No. of Lamps 


AMPS, 


Watts 


(LIGHTING). 


REMARKS. 
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CONVENIENCE OR 


ACTIVE LAMPS. 
Аст LAMPS INACTIVE LAMPS 


ROOM, D E REMARKS 


Total brought 
forward 


GROUND FLOOR--Servants' Quarters. 


Passage 
Stairs 
Scullery 
Pantry 
Kitchen 
Sitting Room 
Bathroom 
Lavatory 


CONSUMER'S QUARTERS. 


Hall 

Porch 

Stairs 

Drawing Room 
Breakfast Room 
Dining Room 
Library 
Consulting Rooms 
Conservatory 


FIRST FLOOR. 


Drawing Room 

Bedrooms 

Landing 

Stairs 

Billiard Room 

Bathroom | | 


Lavatory | 


SECOND FLOOR. © 


Landing B | 
| 


Bedrooms | 
Bathroom | 
Lavatory 


Totals carried | 
forward | | 
ORE ES S PRU M БЕ OS EINER NEN каға PET. COR, 
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CONVENIENCE OR 
EL S. 
ACTIVE LAMPS INACTIVE LAMPs. 


| 


Коом. 


No. of атр». 
Watts. 


| Points. 
| Total 


| No. of Lamps. 


| Plugs. 
| Total c.p. 


i REMARKS. 


Totals brought | жасак аж аған 
forward | 


THIRD FLOOR. | 


Bedrooms 
| 
| 
| 


Bathroom 
Lavatory 


FOURTH FLOOR. 


Stairs 
Bedrooms 
Bathroom 


Lavatory 


SUNDRY LAMPS. 


Coachhouse | 
Yard 

Garage | 
Lift | 


TOTALS | 


Annual charge of £ based on maximum demand of watts, 
= % of watts installed. 


кымы. (з) (MOTORS.) 


H.P. R.P.M. Used for. Remarks. 


Total Н.Р. installed. __ - _ _H.P. 
» watts , а ео зге: 
Annual charge ... £ 
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dong HEATING, COOKING, & OTHER APPARATUS.) 


Radiators 
Ovens 
Irons 


Description. NE Number. mber, (тон Watts. 
| | 
| | 


TOTALS 


Annual Charge... £ 
Watts 


TOTAL ANNUAL CHARGE ue XE 


Signed 
Occupation 


Approved 


Remarks. 


W. 


'Gencral Manager. 


NoTE.—lf more than one pantry, bedroom, scullery, kitchen, 
&c., on each floor, put No. of rooms, and figures in columns 


opposite will be total figures, c.g. :— 


No. of Lamps. 


Plugs 
Points. 
Total 

| Total с.р. 
Watts. 


Bedrooms (4) 4 10 


Account for the past twelve months for same premises ... 


Estimated account on “ Telephone " system :— 


Annual charge ... ias TA s. d. 


Number of Units at id. ... Nd s. 
Total 
Saving 


Increase 


£ s. d. 


- 


1911.) RESIDENCE TARIFFS. 405 
Form M. Consumer's Ref................... Application д\(о................... 


Renewal of ** Telephone" System Contract. 


То a эз у= зм A es Ae a сыл PES 


Address -nnen кшш сыы ыз A cor e en A ecM Se 


Description of Premises. —— — = == = Pus 


DETAILS OF INSTALLATION. DRE TN 
I. Year ending $n iu it e js NEN 191 191 
2. Total watts installed for lighting 455 ai Те watts watts 
3. Convenience or inactive lights § sie ЕТ ә астаны Watts watts 
4. *Watts upon which annual charge is assessed es -—— Watts —— . watts 
5. t do. do. do. MD eme t о, 


* Residences deduct No. 3. Businesses, etc., include it. 
t Residences 7o per cent. of (4). Businesses, etc., оо per cent. of (4). 


б. tApproximate amount of “other Apparatus” than 
lighting ... е0 РР 2 p. 


; ios watts 
Total watts installed, all uses, including lighting 


watts 


watts 
watts 


“1 


8. Annual charge lighting ... 

9. Annual charge “other uses " 

10. Annual charge power 
11. Annual charge total 
12. Units used 12 months (last quarter estimated) — at 1d. 


I3. Total Cost... d 
14. Average price per unit received 
I3. Load factor based on actual M.D. (No. 16) 


16. M.D. reading of total installation en rn es маб 
17. M.D. per centage to €. 7 s iis zm s с 6.096 


§ These аге lights in cellars, bathrooms, cupboards, lavatories, larders, рапігіеѕ, provided they are 
a] 


not used as sitting or bedrooms. 


t Nos. 6 and 2 should equal No. 7. 


Approved... - T Passed 


і General Manager. Sales M anager. 


Date —— 19 Ба са -—— C0 | 


This form to be pinned securely to original agreement and data forms. 
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NEw. 
Re “ Telephone” System of Charging. 
The“ telephone " system of charging having been well taken up by 


consumers, it may not be out of place for me to remind you that, having 
adopted the system, the following advantages are yours :— 


1. The most lavish use of electric light only increases the number 
of id. units. 

2. Once the annual charge is paid, electric light only costs 1d. per 
unit. 

3. It is not extravagant to use electric light freely on dark and 
dull days, and in dark places at за. per unit. 

4. Waste of light in any direction—for instance, basements and 
servants’ quarters—is only a matter of 1d. per unit. 

5. Auxiliary uses of electricity, ironing, grilling, cooling, etc., can 
be effected by connecting the apparatus to any convenient 
lampholder or plug in any room at a charge of та. per unit, 
resulting in a saving in special wiring and meter rents. 

6. Cooking and heating only cost 1d. per unit, at which price 
electricity is as cheap as gas for these purposes. 


We have already reccived nearly £25,000 in annual payments, which 
illustrates the popularity of the scheme. 
Yours faithfully, 


General Manager. 
RENEWALS. 


Re “ Telephone" System of Charging. 

I am very glad to see that you have renewed your “telephone” 
system contract with us for a further twelve months. 

In view of this fact I am led to believe that the system has given you 
satisfaction, and therefore I feel sure you may be inclined to consider 
an extension of the electrical service. 

For instance, the electrical heater by simply turning the switch 
gives instant warmth without any of the noxious fumes and dirt 
inseparable from other systems of heating. Electric heating only 
costs 1d. per unit on the “telephone” system. 

Again, the electric cooker is hygienic, clean, incredibly simple to use, 
and saves the butcher's bill, because the shrinkage in weight of meat is 
less with electric cooking than with any other method. The cost is 1d. 
per unit. 

I enclose a list of other apparatus which may interest you. 

If at any time you feel that electricity could be used to a greater 
advantage, both as regards cost and utility, in your home, I should 
be pleased to hear from you, and please bear in mind that expert advice 
is always at your disposal quite free of charge. 

Yours faithfully, 


General Manager. 
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APPENDIX II. 
AMMETER CHARTS OF ELECTRIC COOKING. 


The following week's charts were taken at random; they are in no 
way selected. 
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The ammeter only records the current used by the electric cooker, 
which is a complete range and consists of oven, grill, warm chamber, 
and two hot plates. Maximum amperes when all circuits are switched 
onare 28 at 240 volts. 


Digitized by Google 
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There are cight people in the house normally, and all food is cooked 
on the electric stove, no coal or gas being used ; gas-heated water is 
used for baths and electrically heated water for all other purposes. 
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Saturday, August 28, 1911 (No. 1 Chart).—These people (who are 
quite unknown to the author) apparently have a hot lunch on Saturday, 
and rarely cook on Saturday evening. The same applies to Sundays 
(No. 2 Chart). The rest of the days in the weck (Charts Nos. 3, 4, 
5, 6, and 7) dinner is cooked in the evening. 


Digitized by Google 
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It should be noted the maximum load is at breakfast-time. 

These are summer charts, but in the winter the times of load will be 
similar, except that where there is a coal range the units will be less in 
winter than in summer. Тһе heavy breakfast load is bound to come on 
both in winter and summer, because it will be easier for the maids 
to turn on tlie switches than light up the coal range. 

Several of the more important guard-books containing similar 
records are in the room, and can be examined by members. 


APPENDIX III. 


RESIDENT TARIFFS IN GERMANY. 


From inquiries made by the author when in Berlin recently, it is 
apparent that British and American electric supply authorities have 
not much to learn from Germany as regards residence tariff making. 

In Berlin they appear to favour no tariff but the flat rate, and charge 
about sd. for lighting and 2d. for heating, requiring duplicate wiring 
and meters. 

Differential rates do not seem to be favoured at all. 

They appear to recognise to a certain extent their superiority, 
but cannot make up their minds as to the correct basis of the primary 
charge. 

The German is naturally a methodical person, and likes to be 
mathematically correct, thus he prefersa system of charge by which he 
can measure a fraction of a unit, to a system part of which he frankly 
says must be guesswork. He fails to appreciate the fact that differen- 
tial tariffs charge the consumer immeasurably nearer the actual cost of 
supplying him (even assuming that half the tariff is guess-work) than 
any flat tariff can possibly approach. 

The high rate of 2d. per unit in Berlin does not permit of much 
heating business being obtained, although the cost of gas is considerably 
higher than in London. 

On the other hand, the electric heating and cooking factories therc 
were full up with work, and in one case a very large extension of the 
factory was being made. It was stated that the sudden increase in 
demand came about 12 months ago, practically the same time that 
a big increase in this class of work began to be felt in this 
country. 

The German manufacturers were much more optimistic as to the 
future of electricity for heating than the electric supply people, and 
judging by the amount of money that is being sunk in the business, it is 
obvious that the former have faith in their convictions. 

The author came to the conclusion that in domestic tariffs and 
electric heating and cooking, Berlin is certainly not ahead of 
London. 

VoL. 48. 27 
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APPENDIX IV. 


(Copy of Report lo\Electric Supply Committee, St. Marylebone, and adopted 
Oclober 25, 1911.) 


JOHN STREET DWELLINGS. 


It is now a year since we commenced supplying these dwellings on 
the basis of a fixed sum per week, with no meters other than a master 
meter to check the whole consumption. 

The results are such as to warrant a reduction in the charges per 
lamp per week, the 25 per cent. reduction in the price of osram lamps 
also helps materially in this direction. At the time the charges were 
fixed the smallest osram lamp obtainable was 25 c.p.; there is now 
available a 16-c.p. lamp, which is sufficient for bedrooms and will 
enable us to offer lower prices. 

All new osram lamps, being wiredrawn, are much stronger than the 
old ones. 

The total revenue for the year was £40 18s. 2d. 

We estimated a year ago that £18 2s. 6d. would be required for 
lamps and sinking fund charge. 

Deducting this sum from the total revenue leaves £22 15s. 8d. for 
current—2,006 units were used, so that we obtained 2°725d. per unit. On 
our standard rate of charge we should have received 2°842d., so that 
we have obtained practically our normal price per unit and have 
avoided the cost of meters, which would have doubled the installation 
cost. 

Against the estimated sum of £18 2s. 6d. for lamps, depreciation, 
etc, we actually spent £3 18s. gd., leaving £14 35. 9d. to тесі 
sinking fund charge. The installation cost £86 gs. 5d. 

The present charges are :— 


(а) 7d. per week per 25-с.р. osram lamp in living-rooms ; and 

(b) sd. per week per 25-c.p. osram lamp in bedrooms (provided 
they are not used as living-rooms) and alternative to (5). 

(c) 3d. per week per 8-c.p. carbon lamp in bedrooms. 


The proposed future charges are :— 


(a) 6d. per week per 25-c.p. osram lamp in living-rooms. 

(b) Alternative to (a), 5d. per week per 16-с.р. osram lamp in 
living-rooms. 

(c) 4d. per week per 25-c.p. osram lamp in bedrooms (provided 
they are not used as living-rooms). 

(d) Alternative to (c), 3d. per week for 16-c.p. osram lamp in 
bedrooms (provided they are not used as living-rooms). 

(е) Alternative to (d), 2d. per week per 8-c.p. carbon lamp in bed- 
rooms (provided they are not used as living-rooms). 
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The effect of these reductions will be, of course, to decrease the 
figure of £14 3s. gd. probably by about a third, but it has to be remem- 
bered that the cost of installation wiring per tenement instead of being 
£2 19s. 7d. as at present will decrease to £2 8s. 8d. when they are all 
wired (we only have about half the tenements wired at present). Sceing 
that the dwellings belong to the Council a long period can be safely 
allowed for depreciation of the installation, especially considering that 
the cost is met as the money is spent and no loan raised. The life of 
the installation can be put at 20 years, as the work is most substantial. 

I do not sce any reason why we should not approach the owners of 
other similar tenements provided they are substantial people and the 
buildings are well put up, in order to sce if they will agree to similar 
arrangements under a long term contract, properly drawn up to secure 
our property. 

It would be an excellent investment to put, say, £1,000 to £2,000 of 
our surplus revenuc in this class of work, but I do not favour raising 
loans for such purposes. 

If we had some hundreds of such tenements we could afford to put 
a man on specially to look after them, which would materially assist in 
efficiency and enable us to nurse the business, which we cannot afford to 
do at present. 


APPENDIX V. 


The author has been requested to get out the table on page 411. 

It is a summary of data collected from all residence renewal forms, 
that is, all residence consumers who have completed a year on the 
“telephone " system. 

The table does not mean very much at present because it requires 
the data of some hundreds of consumers' installations of each class to 
give figures which would serve as an indication of results. 

The table is corrected cach month and in, say,two years’ time will be 
of real value. | 

The chief reason that the figures are, if anything, a little misleading, 
is because the “ other uses" watts have not in many cases been installed 
and used during the whole year. A consumer adopting the “ tele- 
phone” system does not always install “other uses" watts immediately 
upon entering into the contract; he will perhaps start with a small 
amount of apparatus, and then heaters and a cooker come gradually, 
therefore the figures for load factor, average price, units used, etc., must 
be taken merely as a summary of results to date. 


DISCUSSION. 


Mr. E. T. RUTHVEN-MURRAY: Many members of this Institution 
are inclined to look with disfavour upon papers dealing with the sub- 
ject of tariffs and even to regard them as quite unnecessary, but those 
of us who are actively engaged in supplying and selling energy feel 
that there is no matter we have to consider which is of more vital 
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importance to the industry, especially in view of the enormous 
developments we all expect to take place in the use of electrical energy, 
more particularly by domestic consumers, for what the author calls 
* other uses." Both at the end of his paper and in his opening remarks 
the author has invited criticism. I am sorry that on this occasion, 
though ready, I am not ina position to offer much constructive criticism 
on this paper, and must therefore limit myself to criticising the pro- 
posals he has put forward destructively. The author says, “ No tariff 
is theoretically sound which does not differentiate between the two 
sets of variable costs, and which does not charge the consumer sepa- 
rately as to his standing costs and as to his running costs." It is equally 
true that an unsound tariff cannot be converted into a sound one just 
by the simple expedient of differentiating between those two costs, 
and I wonder whether the two-part charge of the telephone system 
does not constitute its only claim to soundness. The author has boldly 
introduced the factor of expediency into his tariff-making, which I 
think has weighed more with him than any other factor, since he 
points out there is no ground, except expediency, for making a reduced 
charge for any supply used during the peak in addition to other times. 
There is no other justification for supplying energy for “other pur- 
poses” at a flat rate of 1d. per unit. Briefly, what he does under the 
telephone system, and he tells us so quite frankly, is to put the whole 
of the standing charges on the lighting business instead of dividing 
them up between the lighting and the other uses; he charges the 
lighting.consumer £14 per kilowatt, or rather 70 per cent. of £14 per 
kilowatt, for lighting only, and having charged this allows him to make 
an unlimited demand for other purposes without further payment 
towards the standing costs. That seems to me distinctly dangerous, 
because when the demand for cooking increases to the extent most of 
us anticipate it will very shortly, many consumers now taking, say, 
half or three-quarters of a kilowatt, will put in cooking apparatus, 
taking up to 2}, 3, and perhaps 4 or 5 k.w., and in view of this 
probability I think it essential to assess consumers on the basis of their 
actual demand, or at least their demand over peak-hours. Mr. Sea- 
brook says : “ It cannot be said that any hardship is thusimposed upon 
lighting consumers, because the 1d. units are available for any one 
who likes to use them." But, as we well know, nowadays people 
are none too ready to appreciate or value benefits provided for them 
partly and often indirectly at their own cost, and it may be that these 
1d. units for other uses which Mr. Seabrook wants to force on his 
consumers will be looked on with suspicion by them. Then he says, 
** The principle of basing the charge for additional output on the cost 
of additional output was insisted upon and firmly established at the 
Local Government inquiry at West Ham іп 1909." I should like to ask, 
How does he arrive at the cost of additional output, and how has he 
satisfied himself that it is remunerative to sell energy under the pro- 
posed conditions at 1d. per unit? The capital costs at Marylebone 
are comparatively high, and if it is necessary or even expedient 
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to charge the lighting consumer £14 per kilowatt of demand 
it must be necessary and justifiable to make some charge for 
the demand for other purposes. With regard to the author's char- 
acteristics of a sound residence tariff, I have come to the conclu- 
sion, after carefully considering his five essential fcatures, that the 
telephone system fails to comply with a single one of them! No tariff 
can be characterised as an ideal tariff which, firstly, makes it necessary 
to assume the honesty of the consumer ; secondly, which neglects to 
take account of the load factor of the consumer, or at any rate the 
demand during the peak ; thirdly, which renders necessary details of 
the installation and purposes for which the supply is used; and, 
fourthly, which necessitates the invasion of the consumer's premises 
either to examine the consuming devices, to measure the cubic contents 
of the rooms, the number, or candle-power of his lamps, or indeed for 
any other purpose whatever. We ought never to need to go inside the 
consumer's premises at all. The author said some people might be 
inclined to think he had been too hard on the flat rate per unit charge. 
He says the flat rate “assumes that all consumers require the same 
proportion of units to their maximum demand, which is unsound and 
theoretically indefensible.” But that is precisely what he does with 
his telephone system. It would not be so if he were considering 
lighting systems only, but since he takes no account of the maximum 
demand, for the other uses to which energy is put he is doing exactly 
what he says is so wrong in the case of the flat rate supply. Among 
his characteristics he says the tariff should be as simple as possible, and 
I entirely agree, but from the inquisition to which a telephone tariff 
consumer must be subjected as evidenced by the forms included in 
the appendices to the paper, there is nothing very simple about 
this tariff. The fact that it is called the “Telephone System” is said 
to help matters. I do not know why it should. There are probably far 
fewer telephone users in this country than there are consumers of 
electricity, and it cannot help an intending consumer to understand 
these charges to tell him he will pay in the same way he does for his 
telephone. "Very likely if he had a telephone he would be paying on 
the unlimited scale, and therefore would not see the analogy. No, the 
undoubted success of the telephone system in Marylebone is due 
to the excellent and energetic sales department, and nothing else. 
On page 384 Mr. Seabrook refers to an account of the Illinois Electric 
Convention,* where it is stated that the committee on rates finally took 
up the differential rate, which, in general, is the form advocated. It was 
the unanimous conclusion of all who had studied the subject of rate- 
making that rates, if equitable, must bear a definite relation to load 
factor." Then he says, “In both countries"—that is in America and 
here—* the reason why tariffs on these principles make such little head- 
way is the same, viz., the difficulty in applying those principles in the 
form of a simple tariff." I think every single one of us agrees, but 
that is really no reason why we should adopt an imperfect tariff which 
* Electrical World, vol. 56, p. 1,036, 1910. 
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is not based on sound premises. The very adoption of the Norwich 
system and the telephone system with all their faults shows how cagerly 
a sound and simple tariff is sought after. I believe it to be possible to 
formulate a tariff which is excessively simple, fundamentally sound, and 
which will be, as Mr. Seabrook claims his tariff is, a good business getter. 

Мг. G. WILKINSON: The primary object of this paper is to explain 
what the author calls the telephone system. The name is new; the 
system is old. The only difference between the system as propounded 
by the author and the one that I have used for years is that he gets 
fat prices where I get rather thin ones. Mr. Seabrook surveys а 
number of systems of charging, and amongst others he brings in the 
current-limiter system. He says, on page 383: “ А ‘limiter’ spoils it 
on account of increased capital cost, which the system is mainly 
designed to avoid.” He says they cost nearly as much as meters, and 
that it is far better to put a meter in and leave the limiter out. This 
is not so; the price of a meter would buy at least two limiters. Again, 
I think he quite loses sight of the fact that a limiter has no shunt loss, 
whereas the best alternating-current meters we can buy have at least 2 
watts loss in the shunt, which at rd. a unit amounts to 1s. 2d. a vear. Оп 
page 389 the author again criticises the contract demand systein, and 
sets forth his objection as follows : “Тһе originators of the system do 
not seem to mind if ‘other uses’ are barred." The limiter system, 
such as was propounded both in London and Leeds in 1009, is а 
system intended mainly for artisan's dwellings, and we know per- 
fectly well that in such dwellings all the “other uses" are fully met by 
the kitchen fire, and once a week or once a fortnight by what we know 
in Yorkshire as the set-pot for washing. On page 392 the telephone 
system is set out in some detail, and I find that the primary charge is 
fixed at £14 per kilowatt. The early part of the paper seems to bear 
the interpretation that the author in adopting this telephone system is 
conferring a distinct benefit and favour upon the consumer. Really 
the matter is the other way about, because he at once secures his 
standing charges and, I should say, a substantial amount to spare 
in the shape of profit. The author fixes his capital charges at £14 
per kilowatt based on 7o per cent. of the lights installed, and certain 
allowances for convenience lights; this is a gilt-edged price. The 
price I have had for years has been £9 per kilowatt standing 
charge, not based upon an estimated 7o per cent. load factor, but 
based upon the definite reading of a demand indicator. On page 393 
the author says: “Maximum demand indicators are used in all but 
small installations, and are put in circuit with the whole installation 
—lighting and ‘other uses'—not for charging purposes, but as a 
guide in noting the load factor of the entire residence installation." 
I should like to ask him what happens if the guide shows that the 
guessed load factor is wrong, also how long he leaves the demand 
indicator in; because, as Mr. Ruthven-Murray has already said, we 
cannot say that every consumer is honest? We assess his lights, and 
immediately we are gone he may put in some lamps of higher candle- 
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power. I know this is done, because I have discovered it myself. Where 
is his assessed demand as a guide then? Apparently the author puts 
a great deal of trust and confidence in the consumers, but his system 
appears to provide no check against alteration in the candle-power 
of the lamps. We now come to the secondary charge. The author 
ought to be very thankful indeed to get rd. a unit, after getting {14 
per kilowatt for capital charges. With regard to the “other uses” 
of electricity, we can give “other uses” of electricity only so long as 
our services and mains will carry the current required for those other 
uses without undue drop of pressure. It is a large house to-day 
that takes a maximum demand of т k.w. for its lighting require- 
ment; and if we take the latest cooking stove, such as would be 
required for a house of this size, we shall find the maximum 
demand for such a stove is something like 5 k.w. Again, in a house 
where they can afford an electric cooker, and can afford to pay for 
electric cooking, they will have some radiators—I should say they 
would have at least three, taking, say, a unit apiece. Therefore we 
have a house capable for its lighting and “ other uses” of imposing 
a demand on the supply company of 9 k.w., which is entirely beyond 
the capacity of the service cable, meter, and accessories. Again, the 
mains will be quickly loaded up by cheap units, and we are then faced 
with further heavy capital outlay. Thus Mr. Seabrook will be com- 
pelled to put on the capital charge of £14 per kilowatt for “other 
uses” which will at once destroy the economy of the whole arrange- 
ment. I should like him to follow this up and tell us something of 
what he proposes to do when that time arrives. The same thing applies 
to the generating plant. He will want more plant, and then there will 
be still further capital charges imposed. These are real difficulties 
which we have to face; we do not meet them now simply owing to 
the fact that the electric cooking apparatus is very expensive, and 
people cannot afford to put it in. We lay down mains for lighting, 
and then ask people to take for “other uses” amounts of current 
which, taking the fair example I have previously given, and allowing 
a diversity factor of бо per cent. for “other uses," calls for 44 k.w. 
per house for “other uses" against 1 k.w. for lighting. How сап we 
possibly supply cheap units for “other uses” to this extent? I say 
we shall get very quickly to the point where extra capital outlay will 
have to be incurred, and then we will have to put on another £14 
per kilowatt. I do not mean to say in raising this material point that 
it is one that cannot be dealt with. It will be dealt with, and success- 
fully dealt with, but it cannot, so far as my judgment goes, be dealt 
with on the lines in vogue at the present time, that is, by adopting 
cookers and heaters as they are on the market to-day. 

Mr. ARTHUR WRIGHT: It is very difficult to criticise the operation 
of a system that has turned a very dead concern into a very live one. 
I think that Mr. Seabrook, whatever his system is, has given practical 
proof of its tremendous business-getting capabilities. In the old days 
jt used to be very difficult to increase the business of Marylebone ; 
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nowadavs it is somewhat difficult to get enough plant to meet it, which 
fact, I think, is sufficient testimony to the business-getting capabilities 
of the svstem. If I mention one or two little difficulties they must 
be in no way construed as antagonistic to this successful system. I 
wish to point out, however, that in my opinion, as has been expressed 
by Mr. Ruthven-Murray, the paper indicates too strong a tendency to 
give wide discretionary powers to the assessing officials. I think it 
mav turn out to be a little dangerous as the business gets larger to 
allow the assessing officials arbitrarily to determine whether lamps 
are decorative or useful, and I cannot imagine that this arbitrary 
assessing can go on without leading to some abuses ; that is the real 
difficulty of basing the standing charges on the installed capacity. 
Obviously it should not be on the total installed capacity, and yet 
where are we to draw the line in a drawing-room or hall, for instance, 
between the decorative lamps and the useful lamps ? It must ultimately 
come down to some better method of assessment than the average 
convasser's idea of what is decorative and what is useful. The next 
point I think Mr. Seabrook has omitted in his system is, that there 
is no provision made for what we call commercial discount. Probably 
most of us now realise that one of the greatest factors in the reduction 
of cost is the quantity of electricity taken or produced. In this system, 
although it is applied chiefly to residential classes, there is no suggestion 
of a discount given for a large quantity. Ithink that such a discount 
is absolutely necessary. Everybody is entitled to a discount in con- 
sideration of taking a larger quantity than the average. We all know 
that to-day the reduction in costs that has been going on is due to the 
enormous increase of the quantity consumed ; in fact, this increase 
of quantity has had more effect in reducing costs than has the im- 
provement of load factors. I think an addition of some form of com- 
mercial discount would be a benefit to Mr. Seabrook's system. With 
regard to a small house lighting, we must now recognise that the cost 
of supplying such houses with electricity is almost independent of the 
cost of producing the electricity consumed therein. Taking the average 
house, which demands probably not more than a quarter or one-third 
of a kilowatt, the cost of the electricity consumed in that house is 
practically nothing compared to the service charges, looking after that 
customer's account, interest. on mains, clerks' salaries, and time 
devoted to collecting the accounts. Therefore it seems to me as if, 
when a consumer's demand is below one-third or half a kilowatt, it is 
a mistake to charge on the kilowatt-hour basis ; it ought to be somehow 
on the lamp or house basis, and that is why I think the annual lamp 
contract system is sounder if abuses can be checked by either a limiter 
or some other form of control. It is really absurd to charge by units 
in a house where the cost of the electricity consumed in the house is 
not 5 per cent. of the total cost of looking after the customer. I hope 
the author will be able to devise some method of tackling this class of 
property which, by the by, is the great bulk of the property left yet 
to be obtained. 
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Mr. C. A. BAKER: I propose to criticise this paper from the point 
of view of the consumer, being in my official capacity probably the 
largest consumer of electricity in the world for lighting purposes: 
the County Council consumes in its public offices, fire-stations, stores, 
institutions, and schools something like 2} million units per annum, 
of which 14 million units are purchased and the remainder are 
generated. In purchasing the 14 million units electrical energy is 
taken from 27 out of the 28 electric supply undertakings in London, 
and I come in contact with all the various tariffs, amongst others the 
telephone tariff at St. Marylebone, but it has never proved possible to 
adopt it. Mr. Seabrook has warmly recommended that system to me, 
but a simple calculation has shown that the standing initial charge 
is so very heavy that without any та. per unit added the cost is 
heavier than under his maximum demand system, with the recognised 
advantage of 25 pcr cent. rebate to large consumers. We all know 
that Mr. Seabrook has a very heavy millstone round his neck in the 
way of idle capital at St. Marylebone, somcthing like 1} million 
pounds ; the interest and sinking fund charges on that capital is about 
2d. a unit on his present output, if therefore hesells energy to one 
consumer—or for one purpose—at a gross rate of та. a unit, 
somebody else—or some other purpose—has to рау the other 1d. 
in respect of capital charges alone, apart from the works costs ; 
apparently the lighting consumer desires to use the electric light 
notwithstanding the unfair burden put upon him; but for a tariff 
to be equitable all the consumers should be debited with a fair pro- 
portion of those capital charges. Of the London supply undertakers 
I find that 26 quote a flat rate tariff, 13 a maximum demand rate, 
11 both, whilst only one relies entirely upon a maximum demand 
system. The author adopts the very wide term of “ expediency” as 
his sole reason for departing from a maximum demand tariff, and he 
then endeavours to justify his action because it is expedient, whether it 
is lawful or not ; for example, he gets £14 paid down by a householder 
at the beginning of some contract term—he actually says that his 
receipts are £25,000 a year in that way—TI should like to know whether 
the whole of this sum comes from private residences. Then he states 
that if the consumer goes away he does not return any of the money. 
Now, supposing that the consumer has not used at least 420 units, 
it is not lawful for the author to retain the money originally paid, 
because his Act of Parliament compels him to supply electricity to any- 
body who wants it at a price not exceeding 8d. per Board of Trade unit. 

With regard to “flat rate per kilowatt of maximum demand " the 
author finds that is not quite suitable for general purposes, and so far 
as his remarks apply to this country where coal is used at the generat- 
ing station I agree, but in Lombardy a great deal of the energy 
generated by water-power is supplied in the villages for lighting pur- 
poses on this tariff system at something like 15 francs per lamp per 
annum, which is quite a satisfactory arrangement, because the length of 
time that the lamps are used does not matter very much: the con- 
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sumers have, however, to buy their own lamps. Mr. Seabrook states 
that he provides renewal lamps without charge. I think on that point 
he is wrong, he should make people pay for the lamps when worn out. 
As to the electric lighting of the tenement-rooms referred to, far too 
much light is provided and far too much money is charged for it. 
Where a few people are using a room they do not require a big 
light, because, each one сап go near to the light апа so make the best 
use of it ; a big lamp is not wanted: the annual cost is 37s. per lamp 
installed. I note from Appendix IV. that the prices are being reduced. 
Many of the streets of Marylebone are now lighted with incan- 
descent lamps, burning probably about 4,000 hours per annum; I 
should be interested to know what the charge for the public lamps is 
as compared with the private lamps at 37s. With regard to tariff 
systems generally, I made at the outset some remarks on the author's 
plea of “expediency”; I think that a far stronger case for a simple tariff 
can be based on the solid foundation of “averages.” Everything should 
be worked out on that basis. Insurance companies employing many 
millions of capital do the whole of their business on the basis of 
averages. Fifteen years or so ago when the maximum demand system 
was introduced experience was lacking as to the relative value of 
different classes of consumers, but with the data since collated there 
is no good reason at the present time for employing any tariff system 
depending upon two factors for residence lighting. The ordinary flat 
rate tariff—adopted, as I have pointed out, by 26 out of 28 London 
supply authorities—is convenient and depends only on one factor— 
a very great advantage to every consumer. No matter how clever 
a consumer may be or how much he may be interested in his demand 
indicator, his consumption invariably depends so much upon sub- 
ordinates, or perhaps upon independent supervision, that a flat rate 
system is by far the preferable one, because it depends entirely on one 
simple factor, and economy can be secured under that tariff system 
by regulating the number of hours the lamps are alight; any result 
dependent upon two factors is more difficult to determine from 
moment to moment, and as a result the maximum economy cannot 
always be secured. The telephone system, like many of the other 
systems of tariff mentioned by the author, has the very grave dis- 
advantage of inspection by officials—a process to be avoided where 
consumers' private residences are in question. Again, as to the initial 
charges it will be interesting to see how far these charges will be 
reduced as 16-c.p. lamps replace 25-c.p. lamps on 240-volt circuits : 
the problem of making both ends meet under the load of the millstone 
referred to becomes ever more perplexing. 

Apart from the tariff system, the people who have electricity to sell 
should cut out all the objectionable clauses of the rules and regulations 
which they issue with a view to controlling the consumer. These 
regulations must, I am sure, ward off many consumers who naturally 
will not trouble to peruse them, whilst they are altogether unauthorised 
and are not worth the paper that they are printed upon unless they 
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have been approved by the Board of Trade ; and I believe I am right 
in saying that none of the rules and regulations have been so approved, 
—certainly 99 per cent. of them have not. 

(Communicaled.) It is interesting to note that the author in his 
reply states that the public lighting is charged on the maximum 
demand tariff, not on the telephone system. | 

Mr. W. К. CooPER : I do not understand how any station engineer 
can suggest that the subject of tariffs is not important. Selling is 
really quite as important as efficiencies. Having advocated the 
Hopkinson system in a paper which I read before this Institution, I am 
glad to see that the system is making headway. I cannot comprehend 
how anybody can advocate a flat rate system at the present 
time, or how they can say that the business of lighting, heating, and 
cooking can be carried on by means of one flat rate; it is practically 
impossible. Ithink there is no doubt that the Hopkinson system in 
some form or other is the correct system to go upon, and in my opinion 
it does not much matter what precise form it takes so long as the 
consumer is satisfied. I notice on page 301 that the author apparently 
objects strongly to a charge of so many units per quarter at a higher 
price, and regards this method as essentially different from the 
telephone system, and as displaying a want of perception of the 
basis of tariffs. I must say that in this I do not agree with Mr. Sea- 
brook. Whether the charge for lighting is made as one lump or оп, say, 
the first roo units per quarter, it is still the Hopkinson system. "The 
main thing is to have the form so that the consumer is satisfied. I am 
a little surprised that Mr. Seabrook's consumers part so easily with their 
money ; this is certainly a testimonial to his system, but I doubt if con- 
sumers in all parts of the country would take to this reversal of the 
usual custom so readily. Of course such a tariff is not always 
accurate, but it is much more important to get business than to have 
any accurate tariff. I am rather surprised that any engineer should in 
these days talk of a really accurate tariff ; it is not worth troubling about. 
The chief thing is to get the business on an average paying basis. There 
may be errors, but the errorsare likely to cancel out. Iam also glad to 
see that the author has a certain amount of faith in human nature. 
Some station engineers are very much afraid of being swindled by one 
or two consumers, but it is better to run the risk of a small loss through 
dishonesty rather than not to obtain the business. There are two or 
three questions I should like to ask. Firstly, how often does the author 
make an inspection on the telephone system? Secondly, what happens 
if a consumer changes to metal lamps? Does he get a reduction, or 
does the author maintain his annual charge? Then on page 410, in 
regard to John Street dwellings, is not the difference in the charges for 
living-rooms and bedrooms rather small? Perhaps in those flats the 
bedrooms are used more or less as living-rooms. Finally, I cannot 
help thinking that the author has misunderstood Mr. Lackie's tariff. 
Surely the maximum applies to the estimated lighting load alone and is 
unaffected by appliances for heating and cooking. 
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Mr. A. H. Dykes: Every tariff that has ever been proposed is 
probably the best one for some particular station. The tariff must 
depend entirely on the nature of the district and the people who are 
going to be served. It depends also, of course, on the machinery we 
have in our station. It is affected by whether we are supplying alter- 
nating current or continuous current ; by whether we have big storage 
batteries, and so on. A discussion on tariffs is always interesting, 
because although possibly no station engineer will approve of the exact 
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tariff which is set before him, yet in the discussion he is bound to learn ' 


some points which will be of assistance of him. The author divides 
the possible tariffs for residence tariffs into a number of classes starting 
with the flat rate. I hold that the flat rate is only permissible if we 
can store electricity very cheaply, and if we have no expenses outside 
the station. Granted those two things then a flat rate is permissible, 
otherwise it is absurd. We have to offer it, owing to the Acts and to 
the price that is inserted in the Schedule and the Orders ; but the best 
thing to do is to make it as high as possible, and then most people will 
go on to some other more satisfactory tariff. The next system, which 
is the most general one of all for the moment, is some modification of 
the Hopkinson system, which is theoretically the most perfect one of 
all. The original Hopkinson system was based on a fixed charge 
depending on the total number of lights connected, and a small charge 
to cover the running expenses. Obviously the effect of that was to 
reduce the number of lights put in, and Mr. Wright soon introduced 
his well-known modification in which the price depended not on the 
total number of lights installed, but on the maximum in use at once. 
I need not go into the reasons why that system is not as largely used 
now as it was some time ago. When in 1908 Mr. Handcock and I 
read a paper on the same subject of tariffs we put forward the sugges- 
tion that the maximum charge instead of depending on the reading of 
an instrument which varied from quarter to quarter, should be based 
on a fixed charge settled in advance. I should explain here that we 
were dealing then more particularly with lighting stations, and the 
* other uses" to which the author has referred so much to-night were 
not then so well known ; and there are still a great many stations where 
the other uses are not anything like so important as they are in Maryle- 
bone. We therefore advocated that a limit indicator of some sort 
should be fixed which would indicate when the agreed contract 
demand had been exceeded, but we stated that although we recom- 
mended a limit indicator being used it was obvious that this could be 
dispensed with and the contract demand settled by the station. The 
telephone system is the contract demand system with the limit indi- 
cator left out, with the difference that we were not as generous as the 
author in respect to current for “other uses.” We did not suggest that 
all the “other uses" current should be given at 1d. a unit whether 
it came on the load or whether it did not. "We were under the im- 
pression that if a load came on the peak it should bear its fair pro- 
portion of the standing charges, not as much as the lighting load 
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because it had a better diversity factor, but it should bear a proper 
proportion. 

As has been pointed out two or three times to-night, and as Mr. 
Snell pointed out some years ago in his paper, we have only to 
get a sufficient number of 1d. units to swamp the lighting load, and 
then additional plant and additional mains have to be put down to 
meet these rd. units. The author deals with that difficulty. I am 
interested in looking at the table on page 411 in seeing how it works out. 
It will be noticed that the lighting watts installed are 589, and the “ other 
uses" watts are 1,090. It is probable that the load factor of the “ other 
watts” is better than that of the lighting watts, and therefore that the 
units used for other purposes are greater than those used for lighting. 
Therefore if the average price is 4°58d., and the greater part of those 
units are 1d. units—it is obvious that a rather high price is being paid 
for the lighting units—I should say something like 1s.—and that is where 
the author's system scores. If we сап sell a nice number of units at 
Is. we can afford to sell some at rd.—it is good business. I think this 
system of relying, as Mr. Seabrook does, on inspection and the good 
faith of the consumer, is not ohe which is likely to become very general. 
Inspection must be costly. The consumers will change their lights, 
and there are no means whatever of knowing, once their contract 
demand or their telephone charge has been settled, that they will not 
double their candle-power the day after. I am perfectly certain it will 
not work in small country installations, where everybody knows every- 
body else's business, and where they will discuss whether their particular 
lights are convenience lights or whether they are not. I do not think 
that will be a solution of the problem. For purely lighting loads, I 
still believe that the contract demand system with a limit indicator is 
very hard to beat. Itis simple. The consumer merely has to fix what 
he requires ; he settles once and for all what his demand is, and if he 
exceeds it he does so knowingly. The rate is then put up, and he pays 
an increased rate accordingly. After he has settled his contract 
demand he can use as many units as he wants ata та. a unit. On the 
other hand, I freely admit it is a little difficult when we come to sta- 
tions like Mr. Seabrook's where the “other uses" are important. I 
am inclined to think that possibly in the future we shall hear a great 
deal more of thetwo-rate system of charging, where one rate is charged 
during certain hours of the day and another rate during other times of 
the day. Iam trying that now in one or two instances, and, like the 
author, I am accumulating facts and data. At present I am inclined 
to think that for these mixed systems there is a good deal to be said 
for the two-rate system. When, however, we come to the smaller 
class of consumer which, as Mr. Wright said, constitutes the chief field 
that is now open to us, there the only real system is a fixed charge 
depending on the number of lamps. It is really the iHopkinson 
system. 

With small consumers, where we shall be forced to include the 
wiring, and where the capital charges are increased beyond what they 
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are when we are supplying the ordinary consumer, the additional charge, 
if they take a few extra units, is practically nothing in comparison 
with the standing charges, and therefore we are practically forced to a 
fixed rate. Some time ago Mr. Handcock and I set ourselves this 
problem: Is it possible to go into a district in London which is served 
by the strongest gas company probably in England, where gas is active, 
where they are doing everything they can, and where up till now it has 
not been considered worth while running electric mains although they 
pass close by—can one go into such a district and prove that clectricity 
will compete with gas? That is a business proposition which must 
appeal to all of us, and in answer to Mr. Seabrook’s request to-night, I 
am pleased to be able to give you a few figures of the operation of the 
company alluded to by him. 

It is not a big concern; but the results obtained have been interesting. 
It took two areas—one in Bermondsey and one near Waterloo, both 
poor districts and both served by the South Metropolitan Gas Company— 
and set to work to see whether in those places electricity could compete 
with gas. Obviously, as Mr. Wright said, it is not the cost of producing 
the electricity that has to be borne in mind; the company knew it could 
do that at the proper price. It is the other expenses, the cost of dealing 
with the consumer, which kill you. Obviously if an expensive service 
is going to be put in under a London street to every house ; if a meter 
is going to be installed and small bills sent in, and at the end of the 
quarter the amount cannot be collected, it is impossible to compete 
with the gas company. What was done was this: it was decided that 
the proper way was to approach the owners of property and say to 
them: “We will wire the houses for your tenants if you will give us 
permission as a quid pro quo to run the wires along the front of your 
houses.” They were thus able to put one service into a street, ora 
terrace of houses. A concentric wire was then run along the outside of 
the houses, which cost onan average Is. 3d. per yard run erected, which 
compares very favourably with the cost of opening upa yard of London 
street and putting down a main underneath it. They abolished the 
meter, and used a simple form of service into the houses consisting 
merely of a single-pole fuse. The cost of that service, including testing 
the installation, putting in the lamps, and generally talking to the 
consumer comes out to something under 105. a service. The company 
did not put a long document before the consumers which would have 
frightened a lot of them, because they were supplying small people living 
in small houses with about five rooms, mostly with a lodger on the 
top floor ; they did not have to enter into any definite agreement at all. 
The company relied on the fact that once they had wired the houses, 
electricity would be cheaper than gas, and all they were asked to sign 
was this form : “I request you to provide the above-mentioned lights in 
accordance with the terms set out on the other side which I accept, 
and I will make the payments to you weekly in advance." On the 
other side it says: “Тһе company is prepared to arrange for the 
fitting up of private houses for electric lighting, including the first 
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lamps, and for the supply of electric current at an inclusive weekly 
rental of :— 


Winter Months 
(October to March). 


Summer Months 
(April to September). 


One light .. i 5% 5 

Two lights | 64 | о 8 
Three lights... 00. a 74 | о то} 
Four lights... T г IO | I 2 
Additional lights, each зі 21 o 3 


The light may be used as long as required, on the condition that it 
is used reasonably and not wasted. The selection of the lamps shall 
be left to the company, who will in all cases where possible arrange so 
as to light each room with one lamp. The company will arrange 
for keeping the installation in good order free of charge except in respect 
of breakages or damage, which must be borne by the consumer, who 
must allow the company access to the premises for inspection or 
repair. New lamps will be supplied by the company on easy terms 
when required.—Special terms for shops." What is the result? I will 
take one street alone. There are seventy-two houses in that street, and 
gas on the penny-in-the-slot meter system had been installed in them by 
the most business-like gas company in London. The first main was 
laid there in June of last year, and to-day over half those houses are 
supplied with electricity, and they are coming on day by day. That 
is only one street, and what is more important still is that nearly every 
consumer who has started with one or two lights has ordered some 
more—-they now have about four or five lights a house, one in the 
kitchen, one in the passage, one in the front room, and generally one in 
the bedroom. It was objected that people would waste the light. 
This has not been found to be so. It is not wasted because if the 
tenants waste the lights they burn out the lamps. It costs them more 
for lamps, and that has been well drilled into them. These people 
cannot afford to put down half a crown or three shillings for a lamp, 
so the company assists them in this respect—they hire a lamp for the 
term of its life. At the present time there are, roughly, 300 con- 
sumers on the books in that way, the houses all being wired complete, 
with simple fittings. 

Mr. K. A. Scorr MOoNCRIEFF : In reading this paper I think we sce 
Mr. Seabrook in a dual capacity. In the one hand he has the Hopkinson 
system with a slide rule for working it out, and in the other a sheaf of 
publicity documents labelled “ Expediency.” I do not think there is such 
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avery great difference between a scientific system of charging and some 
of these points of expediency. There are many points that cannot be 
as clearly defined as the Hopkinson system, but which are, nevertheless, 
potent factors in determining the price at which we can supply. There 
is the question of the total output and there is the question of the 
diversity of the individual load (which is not fully met by the ordinary 
Hopkinson system, telephone system, or any such other). There is 
also the question of the loading on the mains. A great deal of the 
capital expenditure on the mains is influenced more by the length than 
by the sectional area, and if we get a good heavy load per yard on 
our mains it is almost equivalent to the advantage we get from a bulk 
supply. The author refers on page 378 to the typical case of a man who 
lives in his house all the year round and his neighbour who goes away 
for six months, and he says that the man who goes away for six months 
ought to pay a great deal more per unit than the other man. But if 
he goes away for six of the winter months the position is reversed, 
surely. In order to look into this proposal I have studied the returns 
of the London Municipal Undertaking, and I find we cannot get a 
curve based on the load factor and the selling price, nor on the total 
output and the selling price, nor on the capital expenditure per unit 
and the selling price. I think it is a mixture of the whole lot and 
perhaps one or two other factors of expediency. I should like to ask 
the author to more fully explain the point he makes with regard to 
the West Ham inquiry. I take it that what he means is this. If he 
has two consumers, À and B, he goes to A and secures him on a good 
paying rate, but what does he do when B comes along? He “dumps” 
the energy on him at a low rate because he is getting all his standing 
charges out of A. "That does not seem to me to be fair, although it 
may be expedient. He has carried this system to Marylebone. A is 
the lighting consumer ; B, upon whom he dumps the energy, is the 
other user—it may be in the same house, but still the other users are 
getting an unjustifiably low rate. I notice that the author makes a 
point of mentioning selling points. I think we are all too backward in 
that matter, but there is one point here which I think is not a selling 
point. He asks the Marylebone consumer to pay him in advance for 
a year five-sixths of his total electricity bill. I do not think that can 
be done in the majority of the districts of supply. But there is a 
selling point which the author does not bring out. He quotes £14 per 
kilowatt for 70 per cent. of the rated loading. He says to the man, “I 
will charge you only for 7o per cent., but I will give you тоо per cent.” 
The consumer pays for it all the same. It seems to me to be fairer to 
say, ‘‘ We will charge you," I was going to say, “ £10 a kilowatt for 
your total lighting." It is really £9 16s., not very different from то, 
but perhaps it sounds much less. The author has referred to the 
results he has obtained, and I thought it of interest to apply his tariff 
to the published results for 1910. І have taken his total kilowatts 
connected, some 20,000, and applied his telephone charge, which 
works out at £202,000, and a ıd. per unit on the 12,000,000 units 
VoL, 48. 28 


Mr. 
Moncrieff 


Mr. 
Moncrieff, 


Mr. Long. 


426 SEABROOK: RESIDENCE TARIFFS. [14th Dec., 


works out at £51,000 odd. The total is £253,400; but his receipts 
were only £165,000. Тһе difference is £88,000, and that difference 
is the measure of expediency, the measure which shows how far short 
this maximum demand system of charging falls when we really want 
to sell electricity. He cannot apply it to the full extent, and he has 
to reduce the amount he would get by some зо per cent. It is avery 
big difference. I do not want in criticising to imply that the system 
is not a good one. .I think there is a big field for it. It is a question 
between having a system of this sort, or some variation of it, or 
double wiring. There is no doubt that for heating and cooking we 
must have a lower rate. That can be met by the telephone system 
or by double wiring. There is something to be said for double 
wiring. If we get a small consumer taking, say, 240 watts, he has 
perhaps an auto-transformer installed, and if he puts on the humble 
flat-iron taking 400 watts it creates rather a consternation in the whole 
installation. Therefore, I think the double-wiring question will always 
be to a certain extent before us, whatever the standard of charging is 
to be. I observe that in the last paragraph the author refers to those 
optimists who think that some day we will gct a very low flat rate that 
will cover everything. I believe our President is somewhat of that 
opinion, and I am a humble follower of his. I think in time we will 
come to a dead flat rate. We are getting fairly near it in industrial 
towns. There are towns where the total receipts for units sold are in 
the neighbourhood of 1d. per unit. Referring to the author's argument 
that there must be some peak loads, those peaks will be a very small 
percentage of the total maximum demand in the station, and I think 
that the capital value of those peaks will, therefore, be very much 
reduced. Having looked into it roughly, I am of opinion that 
with a capital expenditure of £50 per kilowatt and 28 per cent. load 
factor it may be possible to supply all round at та. a unit, and I do 
not think we are very far off those figures. We have not reached them 
yet in all cases; in some cases we have exceeded them, but I think 
they are well within our view. In conclusion, I think it might be a 
good plan for those of us interested in electrical supply to form an 
association inside this Institution to collect statistics and study these 
questions. Mr. Seabrook has laid before us a few statistics, but there | 
must be many others that are available if specially asked for by the 
Institution of Electrical Engineers and not asked for by the general 
public. We all get circulars asking for information, but it is a 
different thing altogether if such a circular comes from the Institution. 
I think a good work could be done in that direction, and that supply 
undertakings, companies and municipal, would find it to their advantage 
to subscribe towards the cost of collecting such data. 

Mr. F. M. LoNG: As the author has referred to the Norwich 
system, which I was responsible for introducing, I would like to make 
a few remarks in connection with it. I would never claim that this 
system of rateable value as a basis is applicable to every place. 
certainly do not think it would be applicable in Marylebone, nor could 
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it be applied probably in any seaside town. But for the majority of 
provincial towns of moderate size I think it has a very great many 
advantages in its simplicity, and in the fact that on the average it works 
out very well. There is no doubt that a system of primary and 
secondary charges is the right thing for private houses, but the 
primary charge should be a fixed charge for the particular house. 
Once it has been settled upon I do not think we ought to have to 
depend upon the honesty of the consumer, or that the consumer, on 
the other hand, should be liable to any penalties or pains if he wants to 
alter the lights in his house. The more freedom we can give to a man 
to use what he wants the better it will be. I consider therefore that 
the primary charge should be fixed in the first instance. Rather than 
base it throughout on the actual number of lamps connected, which is 
not an easy matter when convenience and decorative lamps are allowed 
for, I would prefer to take it upon the number of rooms, the size of the 
rooms being taken into account as well. The author does this toa great 
extent, because he does not omit decorative lamps until the number of 
lamps included in the charge amounts to 1 watt per square foot. I would 
make an assessment of what was required on a good average basis for 
lighting the house throughout, taking into account the number and size 
of the rooms, and base the primary charge accordingly which once made 
would not be altered, and the consumer would then be quite free to do 
what heliked. The figuresthat Mr. Seabrook obtains have been referred 
to as being very high, and they are certainly very much higher than we 
get in Norwich. £14 per kilowatt on 70 per cent. is equivalent to £9 16s. 
on the total connected. We only get something like £4 per kilowatt 
connected in Norwich charging 12 per cent. on the rateable value, but 
still we do very well with that, and the system isthoroughly satisfactory 
to the inhabitants of Norwich. We have something like 2,500 con- 
sumers who have taken up this system, which represents over two- 
thirds of the private houses supplied. That shows that it is really 
satisfactory, and I think it will be found in most provincial towns to be 
the most satisfactory basis of charging. 

Mr. J. А. В. HonsLEY : We hear much about the importance of 
the cost of generation, load factor, diversity factor, and so on, but not 
enough, I think, of the consumer's point of view, and that is, the price 
which he is prepared to pay for the service. I propose to give just a 
little information with regard to a tariff which the author dismisses in 
one sentence. Іп the station with which I am connected we have a 
very large proportion of quite small consumers, and we find that a slot 
meter tariff finds great favour with them. In 1907 when I went to 
Harrow we then had a total of 1,047 consumers, of whom 13 per cent. 
were supplied by slot meter. The slot meters were calibrated at 8d. a 
unit. Our load was practically exclusively a lighting load, and the 
bulk of the lighting was residence lighting. The average annual 
revenue that we obtained from all our consumers was £8 3s. per con- 
sumer. The slot meter consumers only brought in 26s. each. That. of 
course, was,not satisfactory. I suggested a reduction from 8d. to 6d., 
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but objections were taken to that, on the ground that it might lead to 
complications with our ordinary quarterly account consumers, who 
were supplied оп the maximum demand system at 7d. and 44d. I then 
proposed and obtained the approval of my board to a modified slot 
meter tariff—I might call it a differential slot meter tariff. The meters 
remained as before, calibrated at 8d. per unit, but we offered a 
rebate at our quarterly collection of Is. in 3s. after the first 5s. 
prepaid, on certain simple conditions, one of which is that the 
consumer lets us have notice before he leaves the premises. І find that 
tariff has several very useful qualities. Previously slot meter consumers 
apparently thought that it was not necessary to tell the supply 
authority when they left the house. Consequently when we did find 
out at the quarterly inspection that the house was empty, there was 
sometimes only the remains of the meter to collect. The landlords 
have a happy knack of leaving houses open so that anybody can inspect 
them! Then there are various other advantages. This rebate enables 
us to collect any small amounts that may be due for lamps supplied, or 
repairs, and that sort of thing. Also, the husband generally supplies 
the coins that go into the meter, while the wife gets the rebate! It 
takes a quarter or two to appreciate the merits of the tariff, but after 
the first rebate they like it very well. I should like to give youa few 
figures showing the progress we have made. For 1010 the average 
annual revenue from slot meters had increased from 26s. to 32s. 6d. 
each, while the total revenue from slot meters had risen from £174 to 
£550. The “slotters” then numbered 26 per cent. of the total con- 
sumers, while in 1907 they represented only 13 per cent. In 1907 we 
sold 5,200 units through slot meters; in 1910 we sold nearly 21,000 
units, and the number of units sold through such meters is still increas- 
ing. Slot meters represented in 1907, 2 per cent. of the total lighting 
revenue and 1°38 per cent. of the total lighting units ; whereas in 1910 
these figures became 5'8 per cent. and nearly 5 per cent. respectively. 
The average price works out in this way : they pay rs. 8d. per quarter 
for standing charges, and obtain all their electricity at 54d. a unit. 
That may seem high, but in view of the wonderful efficiency of the 
tungsten lamp consumers get good value for their money, and we find 
that we can compete with gas. 


DISCUSSION AT MEETING OF 18TH JANUARY, 1012. 


Mr. J. S. HIGHFIELD : In designing a tariff for the sale of electricity 
or anything else it is essential to keep in view the object of the 
tariff. I take it that this is to extract from the consumer the largest 
possible revenue at such a price as will enable a profit to be earned 
which will prove attractive to the investor, so that fresh capital may be 
freely imported into the business. The price must not be so high that 
all that is earned is a large rate of profit. What is wanted is to sell a 
very large amount of energy, and to have a very large sum іп the way 
of profit at an adequate rate. Unfortunately, owing to the fact that so 


1912.] RESIDENCE TARIFFS: DISCUSSION. 499 


much electricity is sold under municipal management, the importance 
of a large return of profit on the capital employed is to some extent lost 
sight of, because capital is raised, not on the credit of the business, but 
оп the credit of the rates; іп any commercial enterprise this is a great 
pity, because it is the large size of the profit that attracts new capital 
into the business. We who are engaged in obtaining money from the 
public for the supply of electricity have to remember that on us depends 
to a very large extent, not only our own success, but the success of all 
the industries connected with us. For instance, the success of people 
who supply engines, dynamos, boilers, and so on, depends to some 
extent on the amount of orders we give them, and on the price we can 
afford to pay for the plant we buy. Consequently it is for us to see 
that we get from the consumer sufficient money to pay a decent price 
for the boilers and machines that we use in giving a supply to the 
public. I think that is the first object of any tariff. I would plead, in 
the first instance, for greater uniformity of rates. It is a most distress- 
ing thing that the rates in different parts of the country, and even in 
neighbouring districts, are so very diverse. It confuses the consumer, 
and it makes the business of managing a commercial undertaking very 
much more difficult. There cannot be any proper reason for this 
immense variation, not only in the rate of charge, but in the system on 
which the charge is based. For instance, in Acton there is a flat rate 
of 6d. a unit; in Hammersmith, an adjoining district, there is a 
flat rate of 3d., and in Willesden I believe the flat rate is 4d. or 44d. 
All those are neighbouring undertakings, and there can be no proper 
reason for the immense difference in charge. The striking thing is 
that the success of the undertakings, that is to say, the success measured 
by the number of consumers connected, is very much the same in the 
three districts. I think it incumbent on every supplier of electricity 
when considering an alteration in'the amount of the charge, that, 
before making any alteration, he should consider not only what the 
people round are charging, but the methods by which they are making 
the charge. At our last meeting a great deal of discussion turned on 
what I might call the scientific aspect of the tariff, that is to say, the 
theory that the charge made to the consumer should bear some relation 
to the cost of giving the supply. Admittedly, some consideration should 
be given to this matter. I would like to draw your attention to the 
financial conditions applying to gas, electricity, and water undertakings, 
because I think they are rather interesting. I do not pretend that 
the figures are absolutely conclusive, but I believe they are typical. 

I have taken out the figures for about half a dozen of the largest 
gas, electricity, and water undertakings in the Country, and altered 
them so as to give a constant return of 8 per cent. on the total capital 
employed, and I have arrived at the following result, which I think it 
will be agreed is very interesting. If we assume that £100 represents 
the capital employed in each of the three cases, the gross revenue for 
gas undertakings is £32, for electricity undertakings £13 105., and for 
water undertakings £10. The costs are £24 for gas works, £5 Ios. 
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for electricity undertakings, and £2 for water undertakings. The ratio 
of costs to revenue is 75 in the case of gas, 40 in the case of elec- 
tricity, and 21 in the case of water. Now this, I think, clearly shows 
why it is a proper thing to charge for gas in proportion to the 
amount of gas taken, that is, by meter at so much a thousand cubic 
feet, because in this case the working charge is much the most import- 
ant part of the total charge. In the case of water the working charge 
is a very small proportion, as these figures show. Consequently, while 
it is quite scientific to charge for gas at so much per 1,000 ft., it is also 
right to charge for water at so much per cent. on the rateable value, 
leaving the consumer to use as much as he pleases. It will be noted that 
electricity comes at an intermediate stage between the two, and therefore 
thejfigures provide considerable justification for the system of charge that 
the author calls the “ telephone ” system, where the charge is divided 
into a fixed charge of so much per quarter or per annum depending on 
the demand, and so much for the energy depending on the amount of 
current taken. This tariff was, in fact, so far as I know, first introduced 
by Edmundson's Electricity Corporation some eight years ago under 
the name of the “ yearly contract system." We now call it the “соп- 
tract tariff." It is quite clear, of course, that as the load factor on the | 
electricity works improves by the use of heating and cooking apparatus 
the working expenses become more important in relation to capital ex- 
penses, and the figures of the electricity works will more nearly 
approximate to the figures of the gas works. Consequently, if we can 
conceive that the load factor on the electricity works will go up to 
something like 50 per cent. in the futurc, it is quite possible that the 
flat rate of charge at so much a unit will ultimately be the proper 
charge. But we have to deal with the present, and I think that 
for all our own purposes the telephone system, or what Mr. Seabrook 
calls the * Metropolitan " system— which really we call the * contract 
tariff " system—is probably the best solution. The flat rate makcs it 
quite impossible to use cooking apparatus or small heating apparatus 
on the same wires as the lighting. Every day it is becoming more 
apparent that consumers want to use electric kettles, irons, and such- 
like apparatus, and that they will not pay for the extra wiring that is 
necessary if a separate flat rate is charged. Therefore I am quite sure 
that the system of using a fixed charge, together with a low rate per 
unit, is the proper system to adopt. Ido not mean to say that we 
should try to force our consumers to adopt this system— not at all. 
As long as they are paying us a reasonable sum per annum on a flat 
rate, I should leave them alone, but as soon as they want electricity 
for other purposes than lighting, then is the time to bring forward 
the contract tariff or the telephone system, which saves the cost 
of extra wiring, and if they like to use it, let them use it. I do 
not hold with the idea that the habits of your customers can be 
altered by any tariff. It seems to me that a tariff is simply made 
for revenue purposes; we want to collect so much money, and I 
do not think we can alter the tariff and make a man burn a light 
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in the middle of the night if he does not want to. Мг. Seabrook has М 


criticised in a mild way the tariff that I prefer, that is the fixed charge, 
with 2d. as the charge per unit for a certain number of units until the 
amount paid equals the fixed charge, and 1d. for the additional units. 
It is a matter of argument, but I am very strongly convinced that 
the immediate charge of 2d. is useful, and for these reasons. It 
enables the fixed charge to be smaller than when a ıd. per unit 
obtains, and although some consumers do not mind a high fixed 
charge, I find the majority do. But the more important point is that 
2d. is a perfectly proper price for the use of electricity for what I 
should call small purposes like small hot-plates and kettles. I think it is 
important to remember that the consumer does not know in the least 
what his bill is going to be. If we tell him we charge 1d. or 2d. or 24d. 
a unit, he has no idea as to how much he is going to pay yearly. 
Therefore I attach no importance at all to the price of the unit, pro- 
vided a smaller charge is not made in an adjoining area, and that 
the cost compares fairly well with other methods of doing the same 
thing. It is one of my grievances that so often neighbouring under- 
takings have reduced their prices when I do not think there is any reason 
for doing so. It is not very long since a large number of undertakings 
in London reduced their flat rate for heating to та. a unit; others did 
not do so. Yet I undertake to say that they put in just as much heating 
apparatus and obtained just as much business as the undertakings that 
reduced their prices. I do not believe for a moment that the obtaining 
of business depends directly and solely on the lowness of the tariff. 
It depends at least as much upon the energetic conduct of the business. 
The ordinary flat rate of so much a unit is, of course, far and away the 
most popular system in the country. People understand it. It is 
analogous to gas charges with which they are familiar ; and Mr. Sea- 
brook has, I take it, called this system the telephone system because he 
thinks it is like the method of charge for telephones. Whether that is 
of very much value to him in canvassing I cannot say, but I can quite 
conceive it would be so. Other rates of charging are the slot meter 
method and the flat rate per lamp method—that is, a fixed charge of so 
much a year for each lamp with no unit charge ; the consumer сап 
use as much as he pleases. I would like to say a word about my 
experience with these two charges. 

I should like to hear other engineers' experience of slot meters, but 
my own is as follows. We have had several thousand slot meters 
erected in different towns in the country for a great number of years, 
and I can say that in the main the whole of that slot meter system has 
been a failure. The consumers, for somc reason or other, put pennies 
in the gas slot meters, but they will not put them in the electricity slot 
meters. In London we have a number of slot meters—perhaps two or 
three hundred—and there they are a success; we get a fair revenue 
from them, but in the country they are a failure. Then with regard to 
a fixed charge per light, about which Mr. Dykes gave us some very inter- 
esting information, I know of two towns in which between a hundred 
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and two hundred consumers are charged so mucha lamp. The result 
of that is that they pay 1d. per unit, and yet they are not satisfied. 
I think that the fixed charge—at least so far as my quite small experi- 
ence goes—is a failure. I fancy the reason is that one consumer is 
rather careful; he sees his neighbour next door burning his light all 
the time, and he does not think it fair because in some way or other he 
thinks he is paying for the light of the man next door, who is not so 
careful as he із. І can think of no other explanation. Another rather 
interesting point is that with regard to these several thousand slot meter 
consumers (and, as I told you, the slot meters were a failure because the 
Consumers would not use the energy)—a large number have been con- 
verted to what we call the weekly contract system. Instead of paying, 
as in Mr. Seabrook's case, so much a year, they pay a small sum per 
week—6d. or 1s.—and for that sum they are entitled to a limited 
number of units, usually enough for their own purpose. If they use 
any more they pay id. or 14d. a unit. That system has been quite 
successful. A good many hundred of these slot meter consumers, who 
would not burn any electric light before, are now quite good consumers. 
In connection with the charge for electric cooking, I consider this a 
most important matter, because I do not think there is any general 
experience of what the cooking load will mean. There is very little 
cooking done at the present day by electricity, and very few people 
appreciate how good itis. А great deal of the advertising of clectric 
cooking apparatus is done on the basisthat electric cooking is very much 
better in quality than any other form of cooking. We arc reminded of 
the picture of two legs of mutton, one being half the size of the other, 
the smaller one having been cooked in the gas oven and the larger onc 
in the electrical oven. The claim is for quality. I think in selling any- 
thing it is a mistake to say that what we are selling is the best quality 
and at the same time that it is the cheapest. I do not believe we shall 
get anybody in the world to believe that. I believe it is a great mistake 
at the present juncture to reduce the price for energy for cooking 
apparatus to too low a figure, because we do not really know what the 
cost of supplying thc cooking apparatus is going to be. I do not think 
that at the present day it will affect the sale of electrical cooking 
apparatus whether we make the price 4а. or 134. per unit. In con- 
clusion, I would suggest that the electrical press might publish a list 
of tariffs ; and further, I suggest that every engineer or manager who 
is considering the adoption of a new tariff before taking the trouble to 
invent a new tariff should turn up this list and see if it is not already 
invented, and as far as possible make the new tariff conform with the 
tariffs in his immediate neighbourhood. The effect of indirect com- 
petition in electric supply is a most dangerous thing. I charge 3d., we 
will say, per unit to a particular consumer who wants a motor or 
other apparatus, and this particular consumer has a friend over 
the border in the neighbouring parish who pays only id. My man 
has no complaint to make af my 3d. until he meets the other man who 
is paying 1d. It is very dangerous to adopt such a plan; it takes away 
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a very large sum of money out of the electrical business, and everybody 
knows that we want all the money we can possibly get. 

Mr. L. E. BUCKELL: I do not think any of us can possibly overrate 
the importance not only of the rate per unit at which we sell, but the 
form of the tariff, and in the paper we get the importance of the form 
of the tariff very well brought out. The form of the tariff is, I think, 
really of more importance than the actual amount per unit. As Mr. 
Highfield has said, the price per unit which people pay means very little 
to them indeed. What does mean a great deal to them is what total 
amount per annum they think they are going to pay. By means of the 
Norwich system, the telephone system, the metropolitan system, and 
any of the other fixed charge systems that have been mentioned, we 
are nearer to telling the consumer actually what he is going to pay 
in the course of a year. "Therefore this paper turns all our thoughts 
in the right direction. In setting out the points which need be 
considered in making a tariff the author has overlooked one or two 
minor points. One rather important thing is the question of what 
the object of the particular tariff is. In starting a new undertaking 
in a new district probably the rate per unit as well as the form of tariff 
should be different from the form of tariff that is needed to fill up 
the mains in the case of a system that has been running for very many 
years. There is a certain class of people that always come on in any 
electric light undertaking—the leading shops, the hotels, etc.—and 
almost any tariff will secure those peoplc. Then after a certain time we 
have to get a much smaller class of consumer, and those people, the 
author thinks, can be obtained by a carefully designed tariff. I think 
we have to consider in talking of tariffs the particular town or district 
to which the tariff is to be applied, and also the condition of the under- 
taking. This may explain to a certain extent why adjoining dis- 
tricts so often have different tariffs. It does not altogether explain it ; 
but I think it will go some way towards it. With regard to the import- 
ance of providing a tariff which will offer the maximum inducement to 
people to bring their heating and cooking load on to the supply under- 
takings, I have been taking out some curves, which I have with me to- 
night, and which I shall be glad to hand round, showing in the case of 
a house where there was no coal or gas, only electricity for heat- 
ing, cooking, and lighting, how the load varied during the day, and 
how the load varied in comparison with the load on the whole of 
the system. It isa little disappointing to find that in almost every case 
the lighting, heating, and cooking peaks coincided with the peak on the 
whole of the system. This only refers to one house, but it is quite 
a typical case. It is a house of the ordinary type with twelve rooms, 
and perhaps seven or eight people living in it; they have a late dinner, 
and do the average amount of entertaining. I think it would be very in- 
teresting if we could get more of this class of curve, because it is very 
important that we should know exactly what we are catering for before 
we offer too much for it. There is one form of tariff that the author 
has not referred to at all, and in some ways it is rather an attrac- 


Mr. 
Highfield. 
Mr. Buckell. 


Mr. Buckell. 


434 SEABROOK: RESIDENCE TARIFFS. (18th Jan., 


tive form. He mentions a flat rate per unit, and speaks of it as if 
he would have a flat rate applied to every consumer. A tariff could 
very easily be arranged by which consumers could be graded into three 
or four different classes and different rates per unit selected for each of 
those classes. I do not think myself it is a very good form of tariff, but 
it is worth considering for certain undertakings. The grading may 
either be effected by taking the demand for one year and working on 
the load factor, or by an arbitrary classification. In making that arbitrary 
Classification it would not be any more arbitrary than the arbitrary 
assessinent under the telephone system. In dealing with the flat 
rate kilowatt demand the author has touched on a very important and 
interesting point. I do not know how many supply engineers realise 
what an enormous amount of revenue the gas companies are getting 
from the smallest class of property—flats and small houses, and those 
houses apparently can only be obtained on a lamp per week basis. 
But so far the difficulty is to find any kind of lamp per week rate 
which is at the same time remunerative and sufficiently attractive 
to getthe load. The author in his John Street premises is exceptionally 
fortunate; I am afraid we in the provinces have nothing like that 
we can get hold of. To start with, we do not get 'any caretakers, 
so that the property is not looked after in any way whatever. And 
further, the people who own this class of property in the big 
manufacturing towns are very unwilling to include the light with 
the rent, because in so doing they put up the apparent rent of 
their houses in competition with other people who have gas through 
slot meters, where the rent appears to be low, and, as a consequence, 
at any rate for the first two or three years, their property is not ten- 
anted. I suppose as the advantages of electric lighting in such 
property gets to be more appreciated that difficulty may disappear, 
but in our case it has not disappeared yet. Rather an interesting case 
took place in my district as bearing on the fact that the form of the 
tariff and the simplicity of it, are at least as important as the actual 
price per unit. Some six or seven years ago it became apparent 
that our principal future increase of lighting load must come from 
residential premises, and, as I think was pretty generally the case, 
the maximum demand system we had in use was extremely unpopular 
among the occupants of such residential premises. We introduced a flat 
rate, and, as a result, for the next three years the average rate we re- 
ceived per unit was increased by about one-tenth of a penny, that is to 
say, not only had all the people who under the maximum demand were 
paying larger than the flat rate been induced to change on to the flat 
rate, but quite a number of people who were getting a lower average 
rate on the maximum demand changed on to it for the sake of simplicity. 
Another thing that has some bearing on the tariff to be adopted, and 
one that I think is often overlooked, is this. We hear a great deal of the 
importance of load factor in determining the price per unit at which 
we should sell, or the price per kilowatt at which we should sell, but I 
think we are apt to overlook the fact that load factor only takes stock 
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of the generating plant—of the plant which deals with the turning- 
out of the current; whereas the capital of the undertaking, 
or a: great deal of it, is spent in mains, offices, parliamentary 
expenses, obsolete plant, etc., and we can increase the load on 
our mains without improving our load factor, although in doing so 
we are certainly improving the financial position of the undertaking. 
In large old undertakings we are a little apt to overrate the 
importance of load factor for lighting, especially now that other 
classes of load, power and traction, and that kind of thing, are auto- 
matically improving the load factor on the station. I think gross 
increased turnover is, at any rate, of some importance in relation to the 


load factor. We ourselves have decided to adopt the Norwich system, - 


and we have adopted it after a lot of consideration. One of the prin- 
cipal reasons that we have done so is because it appears that under any 
sort of assessment system, just as under the old maximum demand 
system, we are offering a direct inducement to a consumer to keep his 
load low. With the Norwich system the direct inducement to the 
consumer is to increase his load ; and as a matter of fact, although 
we have only had this system working now for about five months, the 
way in which the people have adopted it and increased their loads 
is extraordinary. I should think the average is at least 70 per cent. 
since they have been changed over on to this system, in some cases 
by additional lighting, in other cases by heating and by cooking. Of 
course, some of them have increased their load four or five times, but 
the average is at least 70 per cent. extra. We have put the system 
forward in rather a different way from that which is usually adopted. 
We have preferred to speak of the fixed charge as so much in the £ 
on the rating of the housc. I think from the canvassing point of view 
that is rather an advantage. People are used to paying so much in the 
£ for the water rate, and for the poor rate, and the general purposes 
rate, and so on, and it is rather convenient to point out to a man that 
his electric lighting fixed charge will be about the same as his poor 
rate, or 70 per cent. of his poor rate, as the case may be. In our own 
case we charge half a crown in the £ on the rating of the house (that 
is 124 рег cent... The actual amount comes out very near to the poor 
rate, so that we can instruct all our canvassers to tell people that they 
will pay about the same amount as for the poor rate and an addition 
of 1d. a unit. There is one difficulty which applies in a large area 
which will not apply so much in a small one, and that is that the rating 
of the different houses varies so much in different districts. In a 
district that is going down a certain size of house will be rated at 
a lower figure, but that is not the case in a district that is rising. This 
does not matter so much, because in the district that is going down 
the people are also likely to make the least use of electricity, and prac- 
tically, the amount we receive remains pretty much the same in both 
the poorer districts and the better class districts. In dealing with the 
Detroit system the author quotes from some American papers which 
arc very interesting, and he mentions on page 387 one quite important 
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point; that is, if we are introducing a new system involving a con- 
siderable fixed charge there is always the risk that the economical 
consumer will not adopt it; that the people who are already getting 
big bills will take on the new system at once in order to get lower bills, 
but that the people who are paying lower bills will not change. I do 
not think there is anything in that point; we certainly have not found 
it so. We have found that so long as the tariff is simple and well 
understood people will not bother very much as to whether they are 
paying Io per cent. more or Io per cent. less than they did before. Of 
course, if the new system made a difference of 50 per cent. they would 
grumble. 

Mr. E. W. CowaN : The author has paid regard to the fact that the 
price of electrical energy is a two-sided question, and that it does not 
do to keep our eye only on one side. Therc is in the first place, supply, 
and in the second place, demand. On the supply side, with which we 
are all familiar, we pay regard to all that affects cost, including first 
cost, running cost, efficiency, load factor, and the diversity factor, of 
which load factor is, of course, a function ; and on the demand side, 
which the author took particular notice of, we pay regard to everything 
that atfects the quantity of electricity which we can sell at a given price ; 
its consideration includes the spreading of the knowledge of the use of 
electricity among consumers and potential consumers ; the study and 
investigation of market conditions and the adjustment of prices to suit 
those conditions in respect of each use of electricity ; and, lastly, the 
establishment of a simple and, to adopt a word which the author has used 
a great deal in his paper, an expedient tariff. I do not use the word 
because I think it is a right word to use ; I think it is an inadequate 
and misleading word to use in that connection. Unfortunately we 
cannot measurc the forces that affect the factor of demand precisely, and 
I think that explains why that side of the question has been so much 
neglected. 

The author has been engaged for some years in measuring the 
factor of demand, and he has been doing so in the only: feasible and 
practical way, namely, by experimenting. He has reported success at 
Marylebone with the system which he has been led to adopt after the 
expcrience he has obtained. I do not doubt that success, but I should 
like to ask one question in connection with it. I was for some time a 
consumer at Marylebone as a tenant of a flat, and I found that, for 1909 
(estimating the bill for the December quarter, which I have mislaid, 
as being the same as that for the March quarter), I should have made 
a saving of 393 per cent. by adopting the telephone system ; and I 
cannot help wondering whether there may not have been a substantial 
reduction of price wrapped up in the telephone system which led 
consumers to take refuge in it, on the ground of “апу port in a storm,” 
feeling that they could not be charged very much more (Marylebone 
is a locality of very high-priced electricity), and they might be charged 
less. Nevertheless, I think that the telephone system has some 
particularly good points in it. First and foremost it embodies the 
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principle of classification, upon which principle I want to say a few 
words to-night. For the benefit of those who may not quite understand 
what I mean by classification I may perhaps in the first instance give 
an illustration. A bridge was built over a river in Venezuela some 
years ago, and the toll charged for the use of that bridge was 5 cents. 
It was found that the white men used the bridge, but the black men 
did not; they continued to use the ford. The company thereupon 
reduced the toll to т cent., with the result that both black people and 
white people used the bridge. But the aggregate income obtained 
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was not sufficient to pay for the cost of working the bridge, mainten- 
ance, interest on capital cost, and so on, and the concern was a 
commercial failure. They then resorted to classification; that is to 
say, they did this: they charged everybody who wore shoes 5 cents., 
and those who went barefooted 1 cent. The result was that the bridge 
became a commercial success ; the black people were pleased, and the 
white people were pleased; and other bridges were built across 
the same river and the same principle of charge was adopted. "That 
is rather a grotesque instance of classification; but Fig. A, which I 
have not shown to the members of the Institution before, illustrates 
mathematically the essential economy of this principle of classification. 
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In this diagram the abscissa measure the quantity of electricity 
supplied, say, in millions of units, and the ordinates measure price 
and cost. Three demand curves are drawn, which represent the 
quantity of electricity that can be sold in any district at different 
prices. (For the sake of simplicity it is assumed that the load factor of 
each demand is the same.) A fourth curve, which is shown chain- 
dotted on the diagram, represents the aggregate of the three demands, 
and is obtained by summing their abcissz. The last curve, which is 
shown dotted, represents what 15 sometimes called “the law of 
central station costs," that is, the relation between the cost per unit 
of production and the total output. Now, it will be clear that the 
price per unit at which the whole output of the undertaking represented 
by this diagram can be sold must lie on the cost curve if no losses 
or surplus profits are to be made. It is also clear that the price must 
lie on the demand curve if every customer who demands supply is to 
have it, and no customer is to be compelled to take supply who does 
not want it. Therefore, as the price must lie on both these curves, it 
must lie where they coincide, that is, in the diagram at their point 
of intersection, or at A. The price at this point is 2 (say 2d. if 
desired), and the quantity which can be sold at this price is 21 million 
units. This is the best possible result which can be obtained under 
the restricting influence of the maximum demand principle as a deter- 
minant of price, that is, the best possible result obtainable if price 
bears a definite relation to load factor. At this point all the consumers 
are treated equally, but not equitably—they are the victims of a grave 
injustice. Now apply to the same conditions the principle of classifi- 
cation, that is, the principle of adjustment of price to market conditions. 
I have shown the results of two classifications on the diagram, one at 
C and another at D. There are, of course, an infinite number of 
classifications possible. Let us examine the results of the classification 
at D. The light consumers are still charged 2d., but the power con- 
sumers are charged o'8d. instead of 2d., and the heat consumers аге 
charged o*6d. instead of 2d. Thus the mean price is reduced from 2d. 
to 1'13d., a reduction of over 43 per cent. The percentage profit on 
working is the same as before, but it is earned upon a larger capital. 
The output is increased from 2% million units to 6 million units, or 
more than doubled. Now this result is obtained by deliberatcly 
violating the maximum demand principle as a determinant of price. 
Two-thirds of the whole output is sold at below “cost” price, 
the heat consumers at about half “cost” price. We are apparently 
making a profit by selling at a loss! We are,of course, really 
doing nothing so absurd, we are selling at a handsome profit. 
True cost of supplying separate consumers is not ascertainable in the 
electrical industry, though most of the systems in operation are based 
upon the supposition that such cost is ascertainable. Cost depends 
upon price quite as much as upon any other factor. (The lower the 
price the larger the demand, and the larger the demand, the lower 
the cost per unit of production.) The principle of classification can be 
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abused ; but wisely administered, it benefits all concerned, consumers 
and producers. In some great industries its influence has been enor- 
mously beneficial. Why should not the electrical industry seek to 
exploit its possibilities to their fullest extent, taking all that it has 
to offer with both hands, instead of giving a grudging acknowledgment 
that, as it somehow benefits the balance sheet, it is “ expedient” to 
recognise it? The telephone system, I admit, does classify, but 
it does so crudely by one rigid classification. Тһе author agrees that 
it is expedient to do this, that is, to take a line which appears to 
him to be unsound froma theoretical standpoint. On page 383 he claims 
that the Hopkinson principle is the only scientifically correct basis 
of charge. I think it is not fair to the reputation of Dr. Hopkinson to 
claim that he advocated the maximum demand principle as a deter- 
minant of price. He meant that it should influence the charge, but at 
the time he wrote electricity was used only for one purpose, namely, 
lighting. Classification under such circumstances is not possible. It is 
those who have followed him who are responsible for the extreme 
view which I contend is unscientific. Then, worst of all, on page 384 
the author quotes, apparently with approval, the following extract from 
the report of the Illinois Electric Convention : “It was the unanimous 
conclusion of all who have studied the subject of rate-making that 
rates, if equitable, must bear a definite relation to load factor." I 
submit that, either the unanimous view of the industry is wrong, or 
that my diagram is wrong—either one or the other—and I venture 
to challenge engineers who have studied this subject to show what is 
the mistake in my diagram, if there is one. I do not want to lay down 
the law in any dogmatic fashion, but there are times when it is “ехре- 
dient" to call a spade a spade, and I thinkthis is oneof those occasions. 
At the same time, I think the author is travelling along the right road, 
and though he is doing sotimidly and apologetically and inconsistently, 
I hope he may before long walk along it with a firmer step. I think 
there are signs of a change of view in connection with the system of 
pricing electricity, both in America and in England, but not in Germany. 
The opinion in favour of the maximum demand system as the 
determinant of price has predominated for very many years, but I 
hope that we may interpret the silence of the last two years as 
indicating that possibly that view is passing away. 

Mr. A. J. CRIDGE : I admire the author's boldness in mentioning 
“ expediency " so straightforwardly as he does. There are plenty of 
people who have expediency in mind, but they do not often sav so. I 
have had some experience of that myself. I remember at one time, in 
consideration of the load factor of public-houses, which close late and 
keep their lights burning considerably, that we deemed it expedient in 
Sheffield to offer a discount of 50 per cent. There was brought up 
before the committee a scheme by which this discount was offered to 
people who used electric light during ordinary licensed hours. The 
Conservative local organ said that it was no part of the duty of the 
Corporation to remedy an injustice which had been put on a deserving 
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section of the community by the machinations of a fanatical Govern- 
ment; while the Liberal organ accused us of pandering to the depravity 
of the masses. Expediency met with a nasty fate in that case. Оп 
page 379 Mr. Seabrook notes that some engineers are paying attention 
to the cultivation of a demand for auxiliary apparatus. I should like to 
ofter a word to the wise there, namely, that if this paper were read at all 
the Local Sections of the Institution we might wake up not only some, 
but all the managers. I want also to criticise another point in the paper. 
The author has referred to all metal filament lamps as Osrams. There 
are others! On page 382 Mr. Seabrook mentions that a limiter costs 
nearly as much às a meter. That of course is not so unless he is 
talking of electrolytic meters. I want to mention, too, that it is a 
necessary thing to meter all the units that are sold. Everybody ought 
to meter his output and his sales with a view to watching the efficiency 
of the undertaking. Many engineers nowadays are trying to do away 
with the use of meters as far as possible, and I think that is an unwise 
policy. I do not say that because I happen at the moment to be 
selling meters, because even if a current limiter or a time meter is 
used, that falls also within my province. I should like to tell you of the 
experience of an engineer in one of the principal towns on the South 
coast where the undertaking is not municipal; I will not identify him 
any more closely. He once fixed up some working-class dwellings of a 
superior class with a contract system in which he measured the units 
en bloc. He did not like the system ; he found it a failure, so he put in 
prepayment meters. His revenue went up, and the units used went 
down to one-fifth of what they were. If we adopt systems where 
meters are not used, it is an undoubted fact that we do get a great 
deal of waste. Many men who consider simply the money side of the 
matter say they do not mind about the waste of a few units, bat in 
a case such as I have mentioned it reaches serious dimensions. On 
pages 385 and 387, the author criticises the Norwich system and says 
that it is inflexible. It is certainly inflexible, but I do not think that is 
any particular disadvantage. A water rate is inflexible, and a general 
district rate is inflexible, and although a large family naturally costs 
the community more in general service than a small family, yet if they 
live in the same sized house they pay the same rates. There is much 
to be said for the likeness between houses occupied by different 
people. If they are rated the same, the use of the light is very much 
the same. I went through a number of cases of that kind, and I found 
that was so. The Norwich system is based to a certain extent upon 
ability to pay, and I think that might also commend itself to the author 
with his views on expediency. It is quite legitimate to charge people 
to some extent on their ability to pay, and it would justify his charges 
being higher for a first-floor flat than they would be for a third- or 
fourth-floor flat. In several places in the paper we find reference 
to cases where people are not allowed to use any other illuminant. I 
should like to hear somebody's view as to the legality of that, because I 
was told it was restricting the liberty of the subject, and that we were 
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not allowed to make any such stipulation. Further than that, there 
are cases where we cannot absolutely throw out the gas. In some 
places it is necessary to keep gas burning for the sake of warming the 
atmosphere generally where electric heaters would not be useful ; for 
instance, in the public-houses which I mentioned and licensed premises 
of the Bodega type, the wine casks must be kept at the proper tempera- 
ture, otherwise the business is unsatisfactory. Whatever the telephone 
system may be based upon, I do not think it can be said to be based upon 
the load connected. In so far it enables the chief engineer to do what 
he likes with the method of charging, I think it is a good system. The 
chief engineer has to be a very good and capable man, and I do not 
say there are chief engineers at present who are not good and 
capable men, but the occasion may arise some day when there will be 
such men, so that we ought really to use a little more strictness than 
the author appears to be using in the determination of the maximum 
demand. 

Mr. W. E. BURNAND: The word “expediency ” in the early part of 
the paper is rather an invitation to misconstrue the principle involved, 
this principle as I take it being that indirect profits, such as advertise- 
ment, should not be ignored, and that to insist on an equal rate of profit 
on all classes of business will lose business that would otherwise help 
to reduce costs. Most tariffs, in fact, become a compromise between 
what the suppliers must charge to cover costs, what they would like to 
charge, what the user thinks he ought to pay, and the manner in which 
he will most readily pay it. The result of comparison between tariffs 
boils down to this—that the best tariff is that which enables the 
cheapest units to be supplied for a given profit. A good tariff should 
thus have a constant tendency to decrease costs by increasing output, 
and to decrease the standing charges per unit supplied. The first item 
indicates the necessity for cheap units and absence of restrictions, 
and the second the desirability for some control over the peak. The 
tariff should also automatically bring in the correct revenue without 
alteration as the load factor alters. Missing as far as possible ground 
that has already been well covered, I think there are two points that 
are in some danger of being overlooked or under-estimated. The first 
is that efficiency in lighting is not going to stop with the tungsten lamp, 
and I think that a big increase in efficiency, probably by developments 
in vapour tube lighting, is nearer than is commonly realised. This, 
combined with increase of other uses, must result in alteration of 
present load factors, and probably the lighting load will take second 
place where it is now predominant. If other uses are not developed 
and lighting revenue is chiefly depended upon, this increased efficiency 
will hit the suppliers of electricity harder than the tungsten lamp did, 
and a simple rise of the price charged per unit will not get over the 
difficulty, as the customers will not pay double or treble, and other 
forms of lighting are not likely to stand still. The second point is with 
respect to peak load. I do not think it is sufficiently realised that peak 
load is just as profitable as load at any other time, provided it is 
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Mr. well within the plant capacity. For instance, with a plant capacity, 

ары say, of 6,000 k.w., and а peak of 4,000, there is just as much profit оп ап 
additional 1,000 k.w. on the top of that peak as if it was right in the 
valley—it costs not a penny more in plant, staff, or coal; slightly 
less, in fact, on the latter two items. The only peak load that is 
actually expensive is when this exceeds the average peak, which 
leads to the generating and distributing plant being larger than would 
otherwise be needed. For this reason I think that both the maximum 
demand and a form of contract that has otherwise much to recom- 
mend it—off peak load—are to some extent faulty, in that nine times 
out of ten when they tend to reduce or restrict load this is no 
benefit to the suppliers, and only results in loss of revenue, and 
inconvenience to the consumer. The maximum demand that governs 
the plant capacity is not the individual maximum demand from 
month to month, but the total maximum demand at abnormal times 
during the year, and for this reason I think that a differential rate 
should apply the high rate indiscriminately to all consumers, and only 
during those few hours per year when the demand approaches the 
plant capacity, or perhaps on very large systems, the distributing 
capacity of each main section. The system I would propose would 
therefore have three items : First, a fixed charge corresponding to the 
actual cost of the various classes of service, for instance, the fixed costs 
for 10-k.w. demand for lifts —due to diversity factor— would not be as high 
as 10-k.w. demand for о hours per week service. Secondly, a low rate 
per unit for all current used. Thirdly, an additional higher rate for all 
current used at the specially high peak when the load approaches the 
plant capacity. This combination would, I think, exert a constant 
tendency to efficiency, whilst leaving the utmost liberty in the use of 
current at all times but the few hours per year when restriction is 
actually beneficial to the suppliers. This involves a two-rate meter, the 
high rate on which is controlled automatically, or by the suppliers, 
when the total maximum demand approaches the plant capacity, and I 
am sure it does not pass the wit of man in general, or the electrical man 
in particular, to devise the mechanism for this, at a low cost per con- 
sumer. Of the systems described in the paper, I think an attractive 
case is made out for the telephone system by its results, but I cannot 
help thinking that much of its success is due to the personality behind 
it. Itis not every one, for instance, that would have the temerity to 
ask for three-fourths of the bill in advance, but Mr. Seabrook does more 
than this—he gets it— £25,000 for a start. I do not think it is quite 
sound to put all the standing charges on the lighting, as, with the in- 
crease of other uses, and the increase in lighting efficiency which we 
must expect, this is likely to overload and retard the development of 
lighting, and leave very little eventually for the standing charges to 
stand upon. At the same time, the business instinct of Mr. Seabrook is 
not likely to go far astray, and at 1d. per unit on the fair load factor 
that should result, I do not think the Marylebone Supply Department 
will go bankrupt. 
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Mr. C. G. BARKER: The contract demand system is, I think, much 
the best system that has, as yet, been advocated. The author says, on 
page 389, that “Оп this system the primary charge is based on the 
connected load." Isthatright? I always understood it was based on 
the estimated maximum demand. Then he says: “The disadvantage 
which puts the contract demand system right out of court is the 
impossibility of using electricity for other purposes than lighting." 
This is not so at all. The point of the contract demand system is that 
it restricts one from using the heating, kettles, and irons, and so on, at 
the time of the peak load, which is just what the station engineer 
wants. One can use it in the daytime when one has not got one's 
lights up, and one can use any heating and cooking apparatus the 
maximum demand of which does not exceed the total lighting demand. 
In the same paragraph the author says: “ Authorities on tariff making, 
both in this country and abroad, are agreed that energy for other uses 
than lighting can profitably be charged at the secondary charge only, 
and that no primary charge should be attached to it." Not being an 
authority on lighting, I beg leave to differ. It scems to me that if the 
cooking, heating, and so on, comes on at the time of the peak load and 
increases the maximum demand, that part of it which is in excess of 
the ordinary maximum demand should bear its proportion of the stand- 
ing charges. 

With regard to the telephone system, the author says on 
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page 393: "Each consumer pays his share of standing and running . 


charges separately." I do not think a consumer does pay his share of 
standing charges if he is using the heating and cooking apparatus, 
which has no standing charge, at the time of the peak load. He should 
pay more then. The author further says: “A large amount of other 
apparatus than lighting can be connected to the lighting circuits with- 
out the expense of separate circuits and meters." It seems to me if we 
are going to put on what he calls a large amount of cooking and heat- 
ing apparatus, we shall require extra wiring, because the existing wires 
іп a good many houses will not stand 16; and also “Тһе system has 
not the disadvantage which many differential systems based on the 
connected load bave, namely, discouraging the free installation of 
lighting points, because convenience and decorative lamps are not 
counted." That neglects one most important point, namely, the 
question of candle-power. It does not prevent us putting in additional 
lights, but it prevents us from increasing the candle-power in our 
important rooms. That seems to me a great pity. We buy a 24d. gas 
mantle and get 50 c.p. We buy an electric lamp and probably get 
I6 c.p., and get a very poor light in comparison with the gas mantle. 
People go out of the house which is lighted with gas into a house 
which is lighted with electric light, and they say the electric light is 
very clean, but you do not get a good light. If we can encourage people 
to increase the candle-power of the lamps they use, it is just as good 
as getting them to use the current for heating and cooking, and that is 
a business point that should be aimed at. With regard to the author's 
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analogy between Id. units and та. telephone calls, I do not see much 
in that. It would be just as good to say that we would charge jd. a 
unit, which is the same price as our morning paper. On page 394 Mr. 
Seabrook says : “ It is found in St. Marylebone that a very small house 
or flat uses on the maximum demand system 80 per cent. of the 
lamps installed at any one time." In our case it comes out at 66 
per cent. 

The following curves were got out for the purpose of determining 
whether it paid best to go on the flat rate or on the maximum demand 
system. Fig. B shows price per unit for any number of units on flat rate 
of 41d. and maximum demand rates of 7d. and 2d. Our maximum 
demand is 315 watts, which corresponds with 45 7d. units in winter and 15 
in summer. Itis clear that if over 82 units are used in winter it is cheapest 


4 f 3324 5 6 
Price per unit Price per unit. 
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to use thc maximum demand system. Fig. C shows a preferable system 
of charging maximum demand at 6d. and rd. all the year round instead 
of 7d. and 2d. with the {га scale in the summer. It also shows a quick 
method of arriving at the price per unit, and hence the amount of the 
bill. Thus if go units are taken, draw А B from О at id. to go at 6d. ; 
the maximum demand is 45 units, and where horizontal through 43 
units cuts the line, A B gives 34d., the average price per unit. Fig. D 
shows in full lines the price per unit per quarter on each system, and 
the dotted lines the amounts of the bills for each quarter ; A at 7d. 
and 2d., and B at ба. and id. It will be seen that the 6d. and та. 
system causes a higher price in the summer when less units are taken, 
which is right, and also makes the bill for each quarter more nearly 
equal, which is an advantage. The total annual payment is the same 
in both cases, and the above system has the * business” advantage of 
the та. units for heating and cooking. 
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I think that the system with a contract demand indicator, which is 
simply what may be called a maximum demand system with an alarm 
signal fitted, is the idealsystem. With regard to the cost of the demand 
indicators, that could easily be overcome. It would be easy to arrange 
a system of graduated fuses, by which as soon as a certain current was 
exceeded one fuse blew and the next one was automatically switched 
on, and the inspector could read the maximum demand by the number 
of fuses that had blown. Such a device is shown diagrammatically in 
Fig. E. These instruments could be made at a cost of about 4s. to 
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take three or four different sizes of fuse. The “dimming” of the 
lights would tell the consumer he was exceeding his normal maximum 
demand. 

Mr. JOHN F. Davie (communicated): Mr. Seabrook's paper is of 
very great interest to all supply company managers and others who 
are concerned in the sales of electricity, but his contention that no 
tariff is theoretically sound which does not differentiate between 
“running costs” and the “standing costs” is rather too dogmatic. 
“ Expediency,” however, allows the sale of electricity to consumers іп 
the St. Marylebone district at any rate or on any system provided it 
pays, and, after all, that is what an electric supply business is out for. 
From personal experience there are many consumers whom I am 
acquainted with in St. Marylebone who reinained upon the Metro- 
politan Company's flat rate of charge, and were very glad indeed they 
did so. Others who adopted the Wright system of maximum demand 
found that they were paying 8d. per unit for every unit they consumed. 
Now L am certain that the sales of electricity even for lighting cannot 
be pushed at this price. The telephone system of charge is not so 
ideal as the author would have us believe. One is continually being 
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faced with the wiring problem ; premises fitted for lighting only with 
1/18 or 3/22 circuits cannot be considered adequately * coppered." 
The lamps will in all probability show a distinct drop in volts if any 
apparatus consuming, say, 300 to 400 watts is put on circuit. The 
* other uses" units are therefore much restricted or confined to small 
flat-irons, little tea-kettles, and suchlike toys, which consume compara- 
tively a small number of units, and will not help the supply companies' 
revenue to a very great degree, as would be the case if ovens or heating 
apparatus were installed. There is no doubt that a flat rate on a sliding 
scale between 6d. and 3d. per unit for lighting, and a low flat rate (say 
the now almost universal 1d. per unit) for other purposes, is more simple 
and easily understood. I will admit it leads to the duplication of meters, 
but after all this is more often than otherwise an advantage, as the con- 
sumer knows by his account how many “ other uses” units he has taken, 
and pays for them as such. The author's own concluding statement of 
the simplicity of the “flat rate " system of charge is one which I am sure 
every supply manager will agree with, and one which is essential from 
the consumer's point of view. The telephone system of charging is 
clearly shown by the author to be more complicated than any other 
system, and is not conducive to getting business from the smaller con- 
sumers, or from the consumer who desires to be economical in his use 
of electricity. Metal filament lamps are slowly but surely ousting gas 
from basements, and even the “long-hour gas consumer" is beginning to 
realise the fact that electricity at a low flat rate is as cheap as his older 
methods of illumination and doubly as convenient. In London proper 
practically only small consumers are left for the sales department to 
convert for lighting. "This brings us to the question of a “ fixed price” 
rate, and it is a very interesting one for all who contemplate the exten- 
sion of electricity to the smaller houses in their district. I believe it is 
the one practical solution for bringing over the small consumer from 
his gas to the supply company's mains, and I am sure that sooner or 
later great developments will be made in this system of charge, com- 
bined with initial installation charges and lamp renewals. Turning 
again to our main object, it is readily admitted there is an immense 
field open for cooking, heating, and domestic supply in the houses 
already connected, and I am sure all the supply company managers 
are quite alive to the fact. But most of them are also alive to the fact 
that it is very little use pushing upon their consumers apparatus which 
cannot be used with safety on their existing wiring. Therefore the 
“та. rate” on properly wired circuits is getting nearer the eventual 
solution of the universal use of electricity for domestic purposes. The 
makeshift idea of overloading the consumers' wiring, courting break- 
downs and “blown fuses,” and the risk of possible extinction of the 
lighting cannot be considered an advertisement for electricity, even if 
upon the author's system the “other uses” units are obtained for 1d. 
each without the additional installation of power or domestic service 
circuits. The metal lamp has undoubtedly left many stations with 
spare plant, judging by the fact that we very seldom nowadays notice 
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a company or municipal body asking for tenders for more. The 
immediate future is in the hands of the commercial engineer, and the 
more simple and easier the tariff or charge is made for the consumer 
the sooner shall we require to enlarge our station capacity. 

The following figures are given as a comparison between the tele- 
phone system and a flat rate of charge in a suburban residence, where 
the pressure is 240 volts :— 


Total number of points wired ... ы Gc X7 
Total watts connected  ... ses $i .. 526 


Deduct inactive lights (bathroom and lavatory) 64 


am—À пишана 


462 watts 


70 per cent. of 462 == 320 assessable watts. 


Telephone System. Flat Rate. 
á s d £ sd 
Annual charge ... .. 4 I8 o | 172 units at 54d. e. 4 I IO 
Meter rent vus .. оло о | Meter rent E .. оло о 
Annual consumption— 
172 units at та. .. 014 4 
6 2 4 4 II 1O 


Extra cost on telephone system, £1 10s. tod. This, if desired, could be 
expended in 250 units at та. and тоз. for meter rent if house had been 
wired for other purposes. 

If we take it that we wish to use other apparatus upon the same 
circuit we should then have the following comparison :— 


Telephone System. Flat Rate. 
£ s. d. 5 s. d. 
Annual charge ... < 4 I8 0| 172 units at sid. 2. 4 I IO 
172 unitsat rd. ... -. 014 4 | 250 units at rd. ... I O IO 
250 units at та. ... I О IO| Meter rent, two, at Ios. тоо 
Meter rent bias . оло O | 
7 3 2 6 2 8 


So that we still save £1, which represents 5 per cent. interest on a 
sum of £20, and surely we could get a very nice and efficient domestic 
electric installation, including apparatus, for this figure. Practically all 
the telephone system means is we can put on a flat iron or a kettle or a 
toaster, or some such small apparatus, with a current consumption not 
exceeding the capacity of the circuit to which it is connected. It will 
thus be readily seen that from the consumer's point of view the fixed 
charge or annual assessment makes them pay in the beginning at 


Mr. Davie. 


Mr. Davie. 


Mr. 
Bowden. 


448 SEABROOK : RESIDENCE TARIFFS. (18th Jan., 


a heavy rate, and would not be any benefit to the economical user 
of electricity. But it is of very great benefit to the supply authority, as 
it provides capital to carry out the company’s business by insisting 
on payment in advance. In conclusion, I am more than ever convinced 
that the way to obtain additional business is to institute a low flat rate 
for both lighting and power, and put forward a “ fixed charge per week 
per lamp " system for small consumers. 

Mr. J. HORACE BOWDEN (communicated): I agree with the author in 
the first paragraph, after setting out the basis of costs upon which 
charges for supply should be made, but in no other respect. In 
my opinion it should be regarded as a law in electricity supply that 
each consumer should pay a fixed charge per annum equivalent to the 
cost entailed by the undertaking, as far as can be ascertained, in order 
to supply each individual. After arriving at this charge or assessment, 
it appears to be quite a simple matter to fix a remunerative price 
(which should not deviate in any way excepting in the case of very 
large consumers) for the actual supply of energy. I, however, do not 
agree with the basis as set out by the author, and am greatly disappointed 
that he should have seen fit to make the bald statement that standing and 
running costs should be separately treated, and not refer in the body 
of the paper to the method of applying these costs in fixing tariffs. 
The whole essence of the paper is contained in the opening remarks, 
which is immediately vitiated in the second paragraph by his reference 
to “ expediency.” Charges must either be equitable or inequitable, and 
to consider “expediency ” in making an inequitable charge is to admit 
that the governing factors are unsound. ‘The author has omitted from 
the cost basis the all-important “service cost.” Every consumer 
connected to the mains entails an individual charge upon the under- 
taking : in some cases it is the cost of connecting only, including meter, 
etc. In advanced undertakings it may include the wiring installation, 
and, when quite up-to-date, it may also include cooking appliances ; but 
whatever direct cost an undertaking may be put to in supplying the in- 
dividual, that cost should form the first item of the fixed annual charge. 
How the charge should be applied is, of course, a matter of opinion, 
but I may say that I consider 124 per cent. upon the prime cost of the 
work to be sufficient to cover all expenses on a basis of 10 years life, 
and 4 per cent. interest equated over life. Repairs and renewals to be 
kept up out of the revenue from the depreciation allowance of 10 per 
cent. Standing costs, so vaguely alluded to by the author, cannot beso 
readily allocated to the individual ; but, in my opinion, there can be 
only one method of dealing with the same. The author does not tell us 
exactly what are standing costs, and entirely omits to mention in the 
paper the method of application to tariffs. I wish to be emphatic in 
the statement that standing costs are those charges upon an under- 
taking which may be fixed within a certain degree of accuracy at 
the commencement of each financial year. 

Upon consideration, it will be found that instead of a small propor- 
tion of repairs, wages, coal, etc., the bulk of the two former items will 
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be included, as any engineer can very well estimate the amount of the M 


wages of the permanent men employed in the generating and main- 
tenance departments for twelve months in advance. Casual labour, 
overtime, and materials cannot be estimated, and are therefore charge- 
able to “running costs." Probably the most difficult item to allocate to 
standing costs is the proper proportion of coal. I have had, during the 
past two years, opportunities of ascertaining within a fair degree of 
accuracy, the amount of coal required for readiness to supply. Poplar 
was in the fortunate position of being able to supply Stepney, while the 
latter undertaking carried out extensive alterations by the removal of 
plant from Osborne Street to Blythe's Wharf. A fairly constant load 
of 500 k.w. was required continuously in the summer months of 1909 
and того. By deduction, I found that with coal of about 10,500 
B.Th.U. value, approximately 1,000 lbs. of coal per hour was required 
for standby purposes, etc. This is a much more accurate figure than 
arrived at by deducting the summer units from winter units, and 
estimating on the excess coal, as the winter cost of coal includes peak 
load losses, which must be considered as running cost. It may be 
interesting to note here that the day load with its variable demands for 
power, and loss during dinner hour, is the most expensive of the three 
daily shifts, the evening load being second, and the night load third as 
regards running coal costs. 

Running costs comprise entirely those costs which cannot be 
estimated within any degree of accuracy at the commencement of each 
financial year. Cost accounts can be so arranged as to show the exact 
amount of expenditure under these divisional heads, but it is one thing 
to arrive at these costs, and another to apply the same in fixing tariffs. 
The author does not make any attempt to do this, and therefore his 
paper is very much depreciated in value. We are presented with a 
treatise on seven different systems of charging, the last, but not least, of 
which is the “telephone” system. It is the telephone system in name 
only, inasmuch as the fixed charge is for 70 per cent. of the lighting 
service, everything else being thrown in free, and I have always found 
that the telephone company did not give much away. When 
analysed, however, the telephone system is really the ordinary 
maximum demand system in another guise. The St. Marylebone 
charge is 8d. and rd., therefore £14 = 365 x 7d. x hours = 8d. for the 
first 1'315 hours per day and id. per unit afterwards. I am under the 
impression that the maximum demand system at St. Marylebone is 8d. 
for the first 13 hours and 1d. afterwards ; if I am correct in my surmise, 
then the telephone consumer has only the privilege of paying in 
advance, and, from what the author informs us, the people in St. 
Marylebone have been induced to part with £25,000 in prepaid annual 
sums, which says little for the business acumen of the people of 
St. Marylebone, or speaks volumes for the astuteness of the St. Maryle- 
bone clectricity department. It would be interesting to know what 
revenue is derived from the usurious rate of Io per cent. increase 
for quarterly payments. Iam not surprised to find that the author 
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avoided the complex question of applying the diversity factor to the 
standing costs of his undertaking, excepting in the instance of assessing 
lighting consumers at 70 per cent. of the watts connected, but am 
afraid, if we were to be initiated into the “ expediency” factor, we 
would find concessions made to individuals which are governed by 
diversity in other boroughs. ‘ Lower prices are charged for energy 
for arc lamps outside shops than for inside lamps, This is on account 
of their advertising effect, and also because of the nature of gas 
competition.” That may be the author’s opinion, but I can assure him 
that in industrial centres it is for no reason of this kind. A close study 
of the problem shows that where the peak occurs between 4 and 5 p.m., 
although business premises are lighted inside, a large number of outside 
lamps are not in use ; therefore, for this class of lighting, whether arc 
or incandescent, it is quite equitable to apply a diversity factor of 2, 
and charge half the fixed charge as applied to inside lighting. 

Again, in regard to domestic supply compared with business supply 
(I take it that although the paper is entitled * Residence Tariffs," the 
author is dealing with business lighting also, from his reference to 
outside arc lighting, and £25,000 in advance), ‘the diversity cannot 
be less than 2, probably nearer 3 in areas, therefore if it is equitable to 
charge, say, £8 per kilowatt for shop lighting, the domestic rate should 
certainly not be more than £4 per kilowatt ; however, this is a matter 
dependent upon locality and experience. Further, there is the internal 
diversity factor to consider. There are a number of domestic lights 
which can be designated as regular lighting, and others as occasional 
lighting ; the author prefers to ignore the latter, but as they bear some 
relationship to the demand upon the undertaking, a charge in all equity 
must be made, and in my opinion an internal diversity factor of 4 meets 
the case, or a net diversity of 8 on the standing cost of supply equal to 
Жі per kilowatt for occasional lighting. The business policy advocated 
by the author is to charge on lighting the whole of the standing costs 
of the undertaking. It would beinteresting (0 know what the financial 
result of last year’s working would have been if the telephone system 
had been applied throughout. The capital charges alone amounted to 
£13,789, which divided by £14 equals a demand of 8,128 k.w., allowihg 
a diversity factor of 1°5, this would make the consumers demand 
5,420 k.w. The actual maximum demand was 8,333 k.w., and allowing 
75 per cent. efficiency of distribution, the actual consumers’ demand 
was 6,250 k.w.; thus if 134 per cent. only of the maximum was for 
* other uses," £14 per kilowatt would merely pay capital charges on the 
undertaking. But the most astounding proposition in the paper is that 
no fixed charge for cooking appliances is made. In a district like St. 
Marylebone, 1,000 cookers in circuit would easily add 1,500 or 2,000 k.w. 
to the maximum demand, which would add at least £6 per extra kilo- 
watt to the standing costs of this exceptionally heavily burdencd 
undertaking. Can it be expected to squeeze a further £0,000 to 
£12,000 per annum out of lighting consumers? 

The author tells us that 1d. per unit will cover ali costs for other 
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uses; probably that is so, otherwise his undertaking could not even 
now show a net surplus, but why trouble to divide running from 
standing costs if the result is not applied to the tariffs? This is ап 
admission that rd. per unit carries with it a large proportion of fixed 
cost, so that lighting, in addition to being saddled with the whole of 
the standing costs is also made to pay still further standing charges 
in the 1d. per unit rate. £14 plus 1d. has no direct connection with 
fixed and running costs. With the low coal figure of 027d. per unit 
sold, the running cost of production will be slightly under o'3d., there- 
fore the profit (which is net profit, all other charges being included 
in the fixed cost) should not be less than о?а. per unit sold, or on the 
output of last year £36,000; therefore, as only £12,000 was realised, 
624,000 of fixed costs was recovered in the 1d. per unit charge. I put 
it to the author that he would arrive at better results in the future if he 
could reasonably assess his standing costs to “all uses" and charge 
d. per unit for energy. On this basis he would have made a net profit 
of £15,500 last year instead of £12,000, and would probably have 
increased his output much more than was actually the case. I con- 
gratulate the author upon his change of opinion in methods of charging 
since his translation from East to West. When next door neighbour 
to myself he was a rabid “ flat rater," and the low rate charge by West 
Ham was the subject of much controversy with consumers on my side 
of the border. It is also curious that he should first have had the 
telephone system suggested to him by Mr. Arthur Wright, as it is 
really very old in principle although sometimes labelled differently. 
As a matter of fact, a similar system had been introduced into Poplar 
and commented upon in the electrical press some time before the 
author left West Ham. In conclusion, I may state that, in my opinion, 
the paper does not bring us one step nearer the solution of the important 
problem of establishing a definite system of charging for a universal 
supply of electrical energy, and I can only reiterate an opinion to 
which I have often given expression when commenting upon papers 
of this description, that it behoves the Institution to take the matter 
in hand as a body, and cvolve a system that will, at all events, bear the 
hall-mark of its approval. I cannot foresee in the future, on the policy 
laid down by the author, any other result at St. Marylebone than a 
huge demand developed by the use of cooking appliances at unre- 
munerative prices, but out of evil may come good, as when (probably 
in the near future) the West is linked up with the East, the diversity 
in time of maximum demand will enable a reciprocal supply to be 
adopted, and so avoid the heavy peak charges which would otherwise 
react against the development of cooking by electrical energy. 

Mr. ALEXANDER Dow (communicated): I limit my remarks to a 
comment on the comparisons made in the paper between the tele- 
phone system tariff, and the Detroit system. The tclephone sys- 
tem, as described and used, should work excellently, and I have no 
doubt that it does. The comparatively low rate adopted for the 
secondary, or meter, charge is one advantage. The prepayment of 
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primary, or standing, charge is another. If I had started the Detroit 
residence tariff in 1908 instead of 1898, I certainly would have made 
the primary charge higher and the secondary charge lower. But my 
public would not stand for payment in advance. It does stand for 
monthly settlements, and pays very promptly; in fact it insists on 
monthly settlements. In 1898 I was trying to make each unit sold 
carry its own margin of profit. In 1908, and now іп 191г, I would 
prefer to see each unit sold carry some profit, but I recognise that in 
some classes of service it is better to bunch the profit with the standing 
charge, letting the running charge represent only operating expenses. 
I think, nevertheless, that the Marylebone method is carried to an 
extreme in that d rection ; it would have been quicker business to cut 
the primary charge a little and load some of the profit on the running 
charge. Possibly Mr. Seabrook does not figure on a profit, but he 
must have an interest and funding account, which comes into the same 
category. Butas to basing a residence tariff upon connected load, I 
cannot agree with Mr. Seabrook, and I do not think he agrees with 
himself. Possibly his customers will not put large lamps into holders 
originally designed for small lamps. This is a constant experience 
with us. And while it is capable of detection by a demand indicator, 
or by inspection, and while it is admittedly a breach of contract, yet a 
demand indicator and the inspection are just exactly what we want to 
get away from, and we do not want to establish conditions whereby a 
breach of contract, either intentional or inadvertent, is made easy or 
probable. He does not reckon convenience lights as connected load. 
The query follows, What is a convenience light? The ultimate defini- 
tion must be that any light not required for lighting the room 
according to some customary standard, is to be considered a conveni- 
ence light. And it follows that the number of rooms, or the floor area 
of rooms, must be taken as the basis whereon to estimate the watts 
required for this ordinary or normal lighting—which is exactly what 
we have done for eleven years in Detroit. Toronto has recently 
substituted the floor-area basis for the “ number of rooms ” basis. The 
effect of the change is negligible, but floor area is more logical. 
Moreover, the other cities in the Ontario hydro-electric league had 
chosen the floor-area plan, and the Toronto management thought it 
best to go with the crowd. Mr. Seabrook is going to arrive, or has 
arrived, at the room or area basis, by way of a theoretical connected 
load adequate for lighting a given number of rooms or a given floor 
area. 

The seven advantages of the telephone system recited by 
Mr. Seabrook on page 393 are all advantages except No. 5. That 
advantage, as stated, is offset by the objection that in a house wired 
throughout, as required by the St. Marylebone rule, the connected load, 
as figured for tariff purposes, ought to become very promptly the 
normal connected load of a residence of equal size. If the rooms are 
wired the lights ought to be installed, and they almost certainly will 
be; with the result that either the customer will honestly report the 
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installation and pay an increased primary charge, or he will forget 
to do so, and the inspection department will sooner or later discover 
the forgetfulness and make a fuss. Our eleven years’ Detroit experi- 
ence of human nature is that it is much easier to have the fuss 
to begin with and get the customer started properly. It may be 
stated that the Detroit primary charge is so many units at 14 cents. 
(equal to 7d.), less a discount of то per cent. for prompt payment 
of bills. This is considerably lower than the 8d. named in the 
paper. The number of residences connected is now over 32,000. 
The average annual bill is $19.90. And the average rate per unit for 
the last twelve months is a small fraction under 6 cents. The 
population served is now over 500,000. 

Mr. A. H. SHAW (communicated): Although the telephone system 
is no doubt a good system for districts such as St. Marylebone, where 
there are a number of comparatively large consumers, I do not consider 
it suitable for many smaller districts, and it is certainly not a tariff that 
can be adopted universally. Different districts require different tariffs, 
and I am sure the author with his experience would not advocate its 
adoption in such a district as Barking nor even West Ham. Іп Ilford 
we have a large number of small consumers, and such a tariff would 
be out of the question. Referring to page 380, tariff (b), “ Flat rate per 
kilowatt of maximum demand, or contract lamp rate," I consider this 
a very good rate for small property if a reasonable return can be 
obtained. I am afraid, however, it would be found that the figures 
given by the author would not be obtained in many other districts. 
In Ilford I find that in small houses, free wired, with from four to six 
lights; and current through slot meters at an inclusive charge of 44d. 
per unit, the average return does not exceed 30s. per house per annum. 
I had some experience of a similar tariff many years since in the West 
Indies with satisfactory results, the chief trouble being the continual 
inspection necessary to prevent certain consumers replacing their 
lamps by those of a higher candle-power. The chief objections to 
its adoption here are the necessity of : (1) a fairly high price ; (2) all 
wiring and fitting having to be carried out by the supply authority ; 
(3) the locking or inspection of lamps. 

With reference to the telephone system, I do not consider it fair 
to a consumer that he is allowed no rebate in case of removal. In 
this case if one party leaves shortly after paying his primary charge 
and another who has no communication with the first takes the pre- 
mises, is the latter charged another primary charge at the same rate 
as the former? Also would the former not be able to claim that he 
was being charged at a higher rate per unit than that allowed under 
the order? I consider the primary charge of £14 per kilowatt too high, 
as taking this as a maximum demand rate based on 100 hours per 
quarter the price per unit would work out at 84d. I think £10 
per kilowatt would be a suitable charge for ordinary undertakings. 
A great deal has been said recently of the advisability of having a 
single tariff so as to avoid the necessity of separate wiring for heating. 
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etc. Ido not consider this is such a great point as has been made out. 
The majority of houses are only wired for lighting, and in these days 
of cut prices the smallest sizes of wires allowable are generally used. 
Only small apparatus, such as flat-irons, etc., should be connected 
to this wiring, and if radiators or cookers are adopted separate circuits 
are imperative. To tell consumers they may connect any apparatus 
to any lampholder or plug at 1d. per unit may easily prove a source 
of danger. I believe the best policy is to make optional rates to bring 
in all classes of consumers. I do not consider it advisable to make 
hard and fast lines between so-called “good” and “bad” consumers, nor 
to be too nervous as to whether a consumer is going to bea “ bad” con- 
sumer. Get them all in, for a bad consumer to-day may be a good one 
to-morrow, or may be the means of obtaining a good one, and in any 
event he is one less probable consumer for the gas company. Although 
we have various tariffs in force in Ilford we find that the large majority 
of lighting consumers prefer the flat rate, and I think this rate will 
have to be retained in many districts, as it is the only one many people 
can understand, and it is from their point of view the only fair one. 
Mr. A. W. ASHTON (communicated): For blocks of small flats like 
the John Street dwellings mentioned in the paper, a large reduction 
in cost could be effected where alternating current is available by 
installing condensers, either on single points where a low candle- 
power is sufficient, or with a number of points in series on one con- 
denser. For small kitchens, bedrooms, etc., a 10- or 13-watt lamp is 
ample, and the use of a condenser enables advantage to be taken of 
low-voltage lamps, which are more efficient, more robust, and lower 
in first cost than 200-volt lamps. Thefollowing advantages are obtained 
with the series condenser system for all residences where not more 
than, say, ten 16-c.p. lamps are used at once: (1) The maximum 
demand is fixed by the size of condenser installed, and cannot be 
exceeded to any extent unless the capacity of the condenser is increased. 
(2) The reduction in light which occurs when the maximum demand 
has been exceeded is only about 5 per cent. for the first extra lamp, 
but is much greater when further lights are switched on. (3) What- 
ever number of lights may be switched on the power taken can never 
exceed the maximum demand by more than about 25 per cent. (4) The 
total cost of the condenser barely exceeds the amount saved by the 
difference between the first cost of the low-voltage lamps and of 200- 
volt ones. As an example of the reduction in cost which can be 
effected, it can be shown that by using 5-watt lamps in the lavatories 
of the John Street dwellings the cost per annum for current could 
be reduced from £4 4s. to £1 rs. per dozen lamps. Moreover, the 
cost of renewals would not be greater than for carbon filaments, for 
although the initial cost of the low-voltage tungsten lamp is about 
twice as much as that of the carbon, the life of the former is also twice 
as great as that of the latter. Where power is likely to be used for 
other purposes besides lighting a meter can be installed registering the 
whole energy taken, and provided all the lighting is on the series 
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system (in more than one group if the number of lamps is large) а Мг. Ashton. 
tariff can be adopted which has the advantages of both the telephone 
and the maximum demand systems. Such a tariff would be similar 
to the telephone system in having a primary charge determined by the 
maximum demand, but this instead of being more or less arbitrarily 
estimated would be the actual maximum demand corresponding to the 
condenser used. The rate of the primary charge would be fixed so as 
to cover “standby” charges, and would amount to about 7d. per unit 
for 400 hours per annum. The secondary charge might be at rd. per 
unit and would cover running costs alone. Where applicable this 
method would have the following advantages over other methods 
of charging: (1) Though easily understood by consumers it could 
be made to cover the actual cost in each particular case; (2) the 
consumer would be encouraged to keep within his assumed maximum 
demand, although a greater margin would be allowed than when a 
“limiter” is used ; (3) the consumer would be encouraged to increase 
the number of lights installed, but could not increase his maximum 
demand without the supply authorities knowledge. 

Мг. А. Н. SEABROOK (in reply) : Mr. Highfield complained, and І Mr. 
think quite reasonably, of the difference in tariffs between adjoining en 
areas of supply. One cause of difficulty was pointed out by a subse- 
quent speaker, who said that the conditions of the capital commit- 
ments of the undertakings define, to a certain extent, what the tariffs 
shall be. That is the case, for instance, in Marylebone. Everybody 
knows the peculiar position there, largely due to the exertions of 
Mr. Highfield’s Company in the past. What we are all hoping and 
praying for is that in a few years’ time we may get some co-ordination 
of London Electric Supply. Mr. Highfield also laid great stress on 
the importance of getting a good price. I am thoroughly with him in 
that. He and some other speakers, including Mr. Cridge, are rather 
labouring under a delusion with regard to the question of forcing a 
consumer to adopt a tariff. We do not force a consumer to adopt a 
certain tariff. We give him so many inducements that it is very 
difficult for him to refuse. For instance, we maintain alternative 
rates. There are three or four rates a man can have, and we keep 
those rates at their original level. We do not reduce them, but reduce 
on the system of charging which pays us best, and the effect of this 
is that, as time goes on, the older rates become unused altogether. 

I quite agree with Mr. Highfield that the business of supply under- 
takings does not depend entirely on the cheapness of the tariff by a 
very long way. It is the salesmanship in connection with the business- 
getting department which has much more to do with it. With regard 
to the question of cooking, Mr. Highfield does not think it is necessary 
to go to a low price per unit for cooking purposes. The quality of 
cooking by electricity is much better than the quality of cooking by 
other means. We all know the saving in meat which is effected when 
electricity is used. I was rather amused the other day to see that the 
gas people are getting out an oven which is going to do the same 
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thing. They put the joint in a closed tin, a sort of a double tin, and 
put that in the middle of the oven, and the same effect is got as in 
paper bag cookery, or as an electric oven, but of course it uses more 
gas because the heat is transmitted through the walls of the tin. 
There is no doubt about it, however, that the gas people are following 
up the advantages of electrical cooking very closely, and they are 
already right on our heels. Mr. Buckell referred to the fact that an 
old area wanted a different tariff from a new one. I do not quite think 
that ; I do not quite agree with him there. I think the same class of 
load is desired in both areas, whether it is a new one or an old one, 
and the tariff should be so designed as to encourage the class of load 
required. I was much interested in his remarks about the quantity of 
electricity used in the house to which he referred. All the peaks for 
the various uses of electricity in that house coincided ; they practically 
all came on together, and also came on when the main station peak 
was on. We do not find that in our analysis of “other uses” con- 
sumers. We find that 60 or 70 per cent. of the watts installed is the 
total of their maximum demand. It goes down to 30, 40, and 50, and 
it is only in the smallest houses that the ratio of maximum demand to 
watts connected goes over 70 per cent. I was interested to hear that 
Mr. Buckell has adopted the Norwich system. I suppose that in the 
country they do not have quinquennial assessments, which we have to 
put up with in London. I was rather wondering what they do when 
the assessment goes up or down. Does the consumers’ annual charge 
vary as the assessment varies, or do they keep the annual charge 
constant? It seems to me it would be rather difficult to induce a 
consumer to pay a bigger annual charge for his electricity supply 
simply because his assessment 15 raised. 

Mr. Cowan mentioned a very extraordinary saving with the telephone 
system in the case of his own flat. I can assure him that is not the usual 
result. When we introduced the telephone system we did not intend 
to make any reduction ; we wanted to increase our income. It has 
often been the case that when electric supply authorities have put 
in force a differential tariff they have intended to make a reduction, 
and that by itself meant that a great number of consumers would 
come over to it. I think the system of charging mentioned by Mr. 
Cowan in connection with the bridge in Venezuela was a most excel- 
lent one—that the man with boots should pay 5 cents, and the man 
without any boots should pay 1 cent. It is a most sound business 
proposition, and according to his own statement it has had the effect 
of improving the balance sheet of that bridge. I say those principles 
should be adopted in electricity supply tariffs, provided we are within 
the four corners of the Electric Lighting Acts. Mr. Cridge mentioned 
that all units should be metered. I quite agree with that. Even if we 
supply artisans’ dwellings at a fixed price per week, it is much sounder 
to have a master meter to measure the supply at the service, otherwise 
no one knows what the consumption is, and no one knows what the 
price per unit is working out at. We find in our own John Street 
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artisan dwellings that the price per unit is practically the same as we M 


should have got had they paid on either the maximum demand or the 
telephone system. Then Mr. Cridge does not think that the telephone 
system is based on sufficiently rigid figures as regards the connected 
load. I think if he looks into the tables rather more closely he will see 
that the basis is quite strict; it is fixed and unalterable. Mr. Burnand 
mentioned that efficiency in lighting did not stop, and that it is going 
to improve. In other words, we shall get a candle-power with less 
watts than we do now. ‘That is a point where the Norwich and 
Detroit systems score over any other, such as the telephone system, 
which depends on the connected load. All those who adopt the 
Norwich system will secure the same annual charge that they get 
now, even if we get tungsten lamps or some other lamps of half a 
watt per candle, which is a decided advantage. Mr. Barker quarrelled 
with the fact that we do not charge the “other uses” units with their 
proper proportion of fixed charges. Mr. Murray chiefly criticises the 
telephone system, and challenges the factor of expediency in tariffs, 
expressing the opinion that electricity supplied for other uses than 
lighting which may come on during peak load time should be charged 
with standing costs. I wonder if he applies this principle to his own 
area. I must assume that he does—as he must naturally practise what 
he preaches—and that, for instance, he charges standing costs against 
all his power installations, makes no special terms for outside arc lamps, 
charges all his public lighting at full rates, and so on, and does all those 
correct and proper things that we all should do but most of us do not, 
because if we did we should not get the business. To my mind it is no 
greater sin to supply an clectric cooker at a low charge—which is a 
seven-day-a-weck load, uses more units in summer time than in winter, 
and consequently has a high diversity factor—than it is to supply an 
electric motor in a factory at a low charge, which only runs 5} days 
per week, and is used on peak, and has practically no diversity factor. 
I fail to see why expediency should be, by common practice, allowed 
іп a factory (which I admit is correct) and not ina residence. In fact, 
many supply managers allow a great quantity of lighting units, at an 
exceedingly low load factor, to be used in a factory at power rates. 
This is expediency stretched to a far wider limit than I am alleged to 
have stretched it in my paper, but I do not admit that I have stretched 
it at all. It is common practice to do all these things in factories, and 
I do not see why factories should be specially favoured. I admit that 
it is technically wrong to do it at all, but that it is financially beneficial 
to the undertaking no one can deny, and it is rather late in the day to 
question the practice. Apart from this, I do not for a moment believe 
that Mr. Murray is actually such a correct person as he wishes us to 
believe, because if he were he could not make his undertaking pay. 
As regards the details of criticism, I will only deal with the really im- 
portant points, the small ones are found to disappear in practice—for 
instance, Mr. Murray's difficulty as to the honesty of the consumer, 
details of installations, and invasion of premises—there is nothing in any 
VoL. 48. 80 


r. 
Seabrook. 


Mr. 
Seabrook. 


458 SEABROOK: RESIDENCE TARIFFS. [18th Jan., 


of them. The difficulties he imagines as regards the forms also dis- 
appear into thin air in actually working the system. Mr. Murray was 
emphatic that the telephone system was unfair, because it charged the 
consumer on an arbitrary assessment. I do not understand how Mr. 
Murray could have read the paper and then made that remark. This is one 
point where the telephone system particularly scores, because a man 
can put just as much or just as little illumination in his house as he likes 
(provided he uses no other artificial illuminant than electricity), and һе 
pays for exactly the wattage he wants, notas inthe Detroit and Norwich 
systems, which charge him an arbitrary primary charge regardless of his 
actual installation of lamps. It is true that in these systems he can 
take it out of the company by using the most extravagant lamps he can 
get, and pay no more primary charge by doing so, but he is compelled 
any way to pay on the standard basis of assessment if he wants to adopt 
the tariff. Mr. Murray, quite rightly, does not want to let any little 
point slip by unnoticed, and attacks the name "telephone." The reason 
this differential tariff was called the * telephone" system was because 
most of our consumers actually are telephone subscribers, whatever the 
position may be in other parts of the country, and the name in actual 
practice is found to be exceedingly helpful, whatever Mr. Murray may 
think to the contrary, and surcly it would be rather unusual for a man 
to adopt the unlimited rate for the telephone in his house. Mr. Murray 
refers to the Illinois Convention Committee on rates having advocated 
the differential rate system, and then he says that every one of us will 
agree with that ; but that is no reason why we should adopt a tariff 
(implying the telephone system) which is not based on sound premises. 
Well, probably Mr. Murray is not aware that the differential principle 
adopted as a standard in the States is that described in my paper 
as the Room or Detroit system, and that system has all the ex- 
pediency and load factor peculiarities which the telephone system 
also possesses, and which Mr. Murray would have us believe are 
defects. The sole essential difference is that in the telephone 
system the primary charge is based on the connected load, and 
in the Detroit system it is fixed at so much per room ; in both systems 
“other uses " units are charged at the low secondary rate only, and по 
primary charge is attached to them. Mr. Murray said, in conclusion, 
that he believed it was perfectly possible to formulate a tariff which is 
at once excessively simple, fundamentally sound, and a good business 
getter. Now that isthe most clever thing Mr. Murray said. The selec- 
tion of the word “fundamentally” is subtle in the extreme, because if 
he had said "technically" or "theoretically" I could have gone for 
him, as no tariff 15 workable which is only technically or theoretically 
sound, but “fundamentally” may mean such a lot. This, of course, 
admits of expediency forming a part of the basis, and in choosing the 
word Mr. Murray has left himself a convenient loophole for escape. 
I do wish Mr. Murray would bring out his perfect tariff from its seclu- 
sive “bushel,” as no man in these days has any right to keep a tariff to 
himself ; frankly, 1 do not believe for a moment that such a tariff as he 
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describes can be framed. I must say that Mr. Wilkinson’s remarks 
fogged me not a little. First, he says that the only difference between 
the telephone system and his own is that I get fat prices and he gets 
thin ones ; then he proceeds to pick the telephone system to pieces, 
and can find no good in it. Does he realise that he is severely 
criticising his own system as well as the telephone system? I 
really think Mr. Wilkinson has fogged himself, because he goes 
on to point out that in his system he uses a limiter, and yet 
condemns my assessment method. That seems to be contradictory, 
because I was careful to point out that a limiter was a fatal error, 
because with it it is impossible to get customers to use other apparatus 
than lighting, which is the main object of modern tariffs. Мг. 
Wilkinson has a good deal to say about the high annual charge on the 
telephone system. Of course it is high, and I shall be very much 
obliged if any one will point out how, taking into consideration our 
capital expenditure, it can be anything else but high. When I had 
charge of an undertaking which could afford to supply at very low 
rates, my critics told me I was all wrong. Now 1 happen to be in 
charge of an undertaking with very heavy standing costs, I am told 
that my charges are too high. Mr. Wilkinson then criticises my 
condemnation of limiters, and does not аргсе that they cost псагіу as 
much as meters ; he then points out that the loss in the shunt of the 
meter is 15. 2d. a year. Well, as it happens, I do not use meters with 
shunts, and I have not one on the whole system. The question of the 
honesty of the consumer also troubles Mr. Wilkinson not a little. I 
can assure him if һе һай any experience of the working of the system 
he would find there is no trouble in this direction at all. A great deal 
_ too much is made of this problematical dishonesty. If he will refer to 

the telephone agreement form, he will find that consumers have to 
permit inspection at reasonable times, and, as a matter of fact, the 
very small amount of alteration in candle-power that is found does not 
warrant for one moment the general statement that one cannot rely 
upon the honesty of consumers. I do not accept the aspersion on 
the character of the average householder, that he cannot be relied 


upon unless he is tied up all round by prevention of dishonesty. I: 


suppose all of us by departing ever such a little from the paths of 
rectitude in our various capacities could make a great deal more money 
than we do, with very little chance of detection, but I hope it is not 
going to be implied because we all have opportunities of dishonesty, 
that we are, as a body, dishonest. Just let us apply these high-flown 
ideas to ourselves. I have found a very great gain for many years 
past from showing a reasonable amount of confidence in consumers, 
and if I have been robbed in one or two instances, those cases do not 
support any contention that consumers cannot be relied upon, and I am 
surprised at any supply engineer giving expression to any such 
sentiment. Then Mr. Wilkinson is very fidgety about the “other uses” 
units coming on peak and requiring extensions of mains, services, and 
plant. I dealt with this fairly fully in connection with Mr. Murray's 
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criticism, and all I would suggest to Mr. Wilkinson is that he really 
looked into the question, to find out if it is not as profitable to the 
undertaking to supply apparatus, such as cookers, at a low rate per unit 
as it is short-hour motors which come on the peak of the load. One 
point in connection with Mr. Wilkinson’s remarks as to what would 
happen when the time comes when new plant and mains are required : 
he says that we shall be compelled to put on the extra £14 per kilowatt 
for “other uses,” but he overlooks entirely the fact that out of our 
200,000,000 capital, about £1,400,000 will never be increased by апу 
increase in output. Our existing capital is out of all proportion to our 
future capital expenditure, in connection with new plant and mains. 
I thought this was so obvious, but as the point has been raised it 
requires an answer. Mr. Wilkinson had some rather drastic comments 
as to the use by small consumers of electric heating and cooking 
apparatus. Now in the John Street tenements during December 
quarter of 1911, goo units were used for lighting and 245 for heating 
and cooking al 1}d. per unit. 

Mr. Arthur Wright has raised an important point, which is the 
first valuable criticism I have yet had to reply to, i.e. that difficulty 
may arise with regard to the assessing officials in determining whether 
lamps are decorative or useful, and his following remarks imply that 
he has the ordinary canvassing type of person in mind; but the men 
we employ for this work are our district representatives, men who have 
a thorough commercial and engineering training and have very 
considerable responsibility, dealing with all correspondence in their 
districts, quoting for all sorts of installations for sale, hire, hire- 
purchase, maintenance, and so on. They earn from £200 to £250 per 
annum, and are not at all of the Singer sewing-machine type of 
person at about 30s. a week, who is too often considered to be quite 
satisfactory for looking after the sales of electricity of even large 
undertakings. Turning to the data form, there are separate columns 
for “convenience” lights; each data form is approved by the sales 
manager and general manager, and although I have purposely queried 
many data forms and examined the installations myself, I have never 
found that our representatives have erred on the wrong side. 
Decorative lamps are very rarely claimed, as they have to be most 
distinctly decorative before they are passed. Mr Wright raised 
another important point—the question of discount. To provide for 
discount the annual charge on the telephone system decreases between 
I k.w. and 400 k.w. from £14 per kilowatt downwards. There is no 
discount off the 1d. units, but only off the annual charge, according to 
quantity. When we are in a position to make a reduction in price, 
and we are likely to be in that position quite soon, a discount off the 
Id. units for prompt payments is certainly a method of reducing the 
price well worth consideration. I quite agree with Mr. Wright that 
in the case of small dwellings a lump sum per lamp per week is the 
best, requiring no measuring instruments at all. At present I do not 
know of any better solution of the problem than this. 
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Mr. С. A. Baker criticises the paper from the point of view of a 
consumer, but I do not think for a moment he represents the biggest 
lighting consumer in the world with the demand of 2} million units 
per annum. It is quite true, as Mr. Baker says, that he has been up 
against the charges for lighting in Marylebone, and if he had not made 
some agreements with the Metropolitan Company before the Council 
took over the undertaking, and which the Council have not deemed it 
wise to interfere with, he would be paying a very much bigger price 
than he does now, on which he may congratulate himself. The fact 
that the standing charges on the telephone system, to Mr. Baker's 
schools, come out at more than the total price he pays under his old 
agreements, indicates the very unremunerative load afforded by school 
lighting. Mr. Baker then commences to lose himself on questions of 
price, and brings out the hoary argument that if the average capital 
costs per unit are 2d., how on earth can any one be supplied at a profit 
atid.? Mr. Baker thinks that the lighting consumers should be relieved 
on some of the charges, and that these should be transferred to the 
charges for * other uses" units. These things are mainly governed by 
the market value, which is a theme greatly beloved by Mr. Cowan. At 
telephone system rates of charge for lighting we can compete with gas, 
therefore why should we lower the rate, admitting that the primary 
charge on the telephone system carries charges that perhaps should 
strictly be put on the “other uses” units; but if they were put on the 
* other uses" units the *other uses" business would not be obtained, 
because the prices would not compare with those of competitors. At 
the prices suggested for “other uses” units electricity for heating and 
cooking can compare with its competitors, therefore why raise the 
price of *other uses" units and prevent oneself getting that business 
which is without a shadow of doubt remunerative. Mr. Baker then 
deals with expediency. In connection with expediency, may I say that 
I claim to have the right to use expediency within the four corners of 
the Electric Lighting Acts? If I do not go outside these Acts I take it 
that no one can claim that I am misusing expediency. With regard to 
renewal of lamps, Mr. Baker does not agree with giving lamps for 
nothing; neither do I, especially metal filament lamps, and I have 
never done so. Then he criticises the 25-c.p. lamps as giving too 
much light for a single room. That must be for the consumer to 
judge. As compared with the gas lamp, they certainly do not tell us 
that there is too much light ; any way, they can have a 16-c.p. lamp, as 
provided in the schedule, at a lower price if they wish. It is too 
ridiculous to compare the charge to a consumer using one lamp to the 
charge for street lighting using 400-k.w. for 4,000 hours a year. Asa 
matter of fact, the current used for street lighting is calculated on the 
maximum demand rates and comes out at 1:474. per unit sold. I have 
a perfect horror of red-tape, but I did not make a mistake in publishing 
the Marylebone Electric Supply Conimittee's Report before the report 
was received by that committee, and the report was not made public 
at all until after it had been agreed by the Council. Mr. Baker, asa 
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consumer, refers to the flat rate and objects to differential rates, but 
then he is not a supply manager, and the paper is written from the 
supply manager’s point of view. However, I quite agree with 
Mr. Baker as regards rules and regulations. We endeavour to keep 
them down to the minimum and employ “ expediency ” in interpreting 
them, which takes a lot of the sting out of the most drastic regulations. 

Mr. Cooper thinks that the Hopkinson principle is making headway. 
I believe it is making very great headway, and in time will be con- 
sidered the only correct basis of charging for electricity. І am sorry 
Mr. Cooper does not agree to put the high-price units on a differential 
system, in the form of an annual or quarterly charge. It seems to me 
so much simpler to do so. I think Mr. Cooper takes a reasonable view 
of our annual charge in advance, and I really think he ought to turn 
his attention to managing supply undertakings. He has most distinctly 
a far better grasp of the commercial requirements of an clectrical 
undertaking than the majority of the speakers who criticised this 
paper. Mr. Cooper also thinks that it is right to have a certain amount 
of faith in human nature ; it is good business, at any rate. We may 
avoid obtaining £10,000 by not having such faith, but, on the other 
hand, we may make £10,000 and get swindled out of £100. There is 
surely no difference of opinion which is the better of the two. With 
reference to Mr. Cooper's question as to the frequency of inspection, 
we make one official inspection annually for the renewal of the annual 
charge, and we make other inspections during the year where thought 
desirable. It can be taken as a general rule that we do not find any- 
thing wrong. If the consumer changes to metal lamps or reduces his 
watts we reduce the annual charge. This is only fair, as we increase 
the annual charge if the consumer increases his watts. The reason 
that there is a greater difference between living-rooms and bedrooms 
in the John Street dwellings is due to the fact that in this class of 
residence there is not the difference in the use of these rooms that 
there is in higher class residences. 

I note that Mr. Dykes agrees that the flat rate should be as high as 
possible, in order to induce people to adopt the more satisfactory 
tariff With regard to his remarks as to current limiters, we do 
actually adopt his system in cases where consumers will not agree to 
our 70 per cent. assessment and want something lower, but, of course, they 
are only able to use “ other uses " apparatus up to the point at which the 
limiter is set. I do not want any misunderstanding as to our insistence оп 
the complete wiring of a house for lighting before the telephone system 
is applied. The telephone system is intended to make it easy for 
consumers to use other apparatus than lighting. We have our standard 
rates which are applicable to any consumer under any conditions, but 
we give the special facilities of the telephone system if the consumer 
will agree to our special conditions, the most important of which is 
the exclusive use of electricity. I do not think it can be interpreted as 
holding a pistol at a consumer's head ; it is simply a matter of arrange- 
ment. If the consumer's conditions are such that he cannot accept 
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the telephone system with its advantages, then he is at liberty to d dE 


adopt any other system in force. I quite agree with Mr. Dykes, that 
if we had nothing but lighting to deal with, the contract demand 
system would be exceedingly difficult to beat, but then we have this 
constant demand from consumers to use irons, toasters, kettles, grills, 
hair dryers, massage apparatus, curling-tong heaters, sealing-wax 
heaters, and many other pieces of apparatus, many or all of which 
can go on a lamp-holder, and nearly all of which are much cheaper 
to use than doing the same work by any other agency. The point is, 
that if the telephone system is unsuitable, what other system is 
suitable which will avoid double wiring? Mr. Dykes advocates the 
flat maximum demand rate for small consumers, and I am in perfect 
agreement with him ; it is very interesting indeed to hear the results 
of his competition on this system with the South Metropolitan Gas 
Company, and I think he is much to be congratulated on his enterprise 
in finding a remunerative tariff which will suit this class of people. 
Mr. Dykes rather appeared to ridicule our agreement form and read 
out the one he uses for these small houses. I may say that we do 
not use any—no agreement, contract form, or anything else. I do 
not think it necessary. 

Mr. Scott Moncrieff also deals considerably with the factor of 
expediency, which really seems to me, in view of this discussion, quite 
a new factor introduced into tariff making, whereas I thought it was 
almost as old as the Hopkinson system itself. Expediency has for years 
past been recognised in connection with charges for electric motors, why 
notfor residences? The point with regard to the West Ham inquiry is not 
as Mr. Moncrieff states. He must know that the proposition he has put 
forward is entirely illegal. The point is, that if a generating station 
and mains system have been put down for a certain purpose—namely, 
lighting—and if that undertaking gets a different class of business, such 
as power, which was not thought of when the lighting system was put 
down, one is allowed to charge the additional capital expenditure in 
connection with that power supply against those power consumers, 
and one is not bound to take into consideration the original expenditure 
on lighting which has nothing to do with it. If Mr. Moncrieff knows 
anything about modern contracts for power supply, he will see by the 
very prices charged that the original costs of the undertakings have 
never been included in these charges for power. I apply them to 
Marylebone in the following way: I am unable to draw a line at 
31st March, 1911, and say, Now all the lighting consumers I get after 
this date are additional business and can be charged at a lower price, 
because they cost less than the original consumers, but I can say that 
I will leave the price for lighting as it is to make sure of my standing 
charges (please bear in mind this compares with gas in cost), and then 
I can say to all consumers, I will supply you with electricity for all 
additional uses to lighting at a little over the additional cost of supply- 
ing them; the additional cost, of course, including the additional 
capital expenditure required in addition to the extra working expenses. 
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Mr. Moncrieff criticises the payment in advance. Because I can get 
a high annual charge and in advance and because Mr. Moncrieff 
does not think it can be got in other districts, surely the only point 
that brings out, is the fact that our business-getting staff is of a pretty 
high order; and there is no doubt whatever as to the correctness 
of that. 

In applying the telephone system of charge to the whole of our 
20,000 k.w. of load, Mr. Moncrieff naturally finds a very big surplus, 
but he should bear in mind that our revenue from telephone con- 
sumers is small compared with our total revenue, and in the case 
of our big consumers we do not charge them anvthing approaching 
#10 a kilowatt and rd. per unit. The annual charge decreases with the 
size of the installation, because the bigger the installation the greater 
the competition of private plant, and in fixing our tariff we have in 
mind all the way along the line the prices of other agents with which 
we have to compete. Mr. Moncrieff disagrees with my opinion that 
we shall never reach a universal flat rate, and he quotes towns where 
the total receipts are in the neighbourhood of rd. per unit. Well, until 
recently I had the management of an undertaking where the total 
receipts averaged 1d. per unit, but the prices according to load factor 
and quantity ranged from one-third of a penny to 3d. for all supplies, 
and I know perfectly well that the people who were paying one-third 
of a penny would not pay 4d. much less a 1d., and if the people who 
were paying 3d. were charged a ıd. they would be supplied at a lot 
under cost. The result would be that the long-hour users who were 
paying a high price would diseontinue the supply and generate their 
own, and the 3d. people being charged at 1d. would cause enormous 
increases in the lighting peaks. The load factor, instead of being a 
high one, would immediately turn into a low one, and the result would 
be that the undertaking could no longer supply at anything like an 
average price of та. It is all very well to make an estimation in 
such a case as this, but in actual fact I know it to be impossible. 
I would like to emphatically endorse Mr. Moncrieff's last remarks, 
and I only hope that when we get our bigger Institution (which we 
are certainly going to get in spite of present opposition) that one of 
the first things it will do will be to instruct its commercial section to 
form a permanent committee to investigate tariff-making, and to 
consider information from all countries and report developments upon 
this vitally important matter. It affects all sections of the electrical 
industry, from the heavy plant maker downwards. Mr. Long naturally 
advocates the Norwich system, and in those towns where it can be 
applied, I cannot imagine a more satisfactory tariff, but on the point 
of freedom to the consumer I cannot agree with Mr. Long, because in 
his system 'the consumer has to take and pay for an arbitrary standard 
of illumination. If he puts in an installation below the standard of 
illumination he pays no less, and if he puts in an installation exceeding 
the standard of illumination he pays no more : the latter people are the 
first who will be attracted to such a system. On the telephone system 
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the consumer installs and pays for exactly the installation he wishes for 
Mr. Long also mentions the high rates on the telephone system, the 
reason for which has been explained. At the same time, I congratulate 
Mr. Long on being able to charge as low an annual charge as £4 per 
kilowatt. There is one point I discovered in discussing the matter 
with Mr. Long, that is that when he introduced his system, he intended 
it to be a reduction in price; naturally a great number of consumers 
immediately changed over to it. In Marylebone we wanted to get 
something simpler than the 8d. and 1d. system which would encourage 
the “ other uses," but we were not in a position to make a reduction in 
price for lighting. Mr. Horsley was another speaker who supported 
the factor of expediency, and then proceeded to give an interesting 
description of the slot meter tariff in use at Harrow ; but I am afraid 
the slot meter has the same objection with regard to the encourage- 
ment of other uses that the ordinary flat rate possesses. With regard 
to Mr. Ashton's communicated remarks, he raises an interesting point 
as to the use of condensers on alternating circuils for such premises as 
the John Street dwellings, and I have no doubt that alternating-current 
undertakings will look most carefully into the proposition. Mr. Davie, 
in his communication raises the difficulty of using other apparatus than 
lighting on lighting systems where the copper has been cut down to 
a minimum. Of course, obviously, in such cases the amount of other 
apparatus that can be put on is limited, but even in the small articles 
he mentions there is an enormous amount of revenue to be obtained. 
Although radiators can very rarely be put on a lamp circuit, it is very 
frequently found possible to take radiator circuits from the nearest 
distributing board of the lighting system. This is a big saving, as 
compared with running separate circuits from the bottom of the house. 
I am glad to see that Mr. Davie does not see much danger in a та. per 
unit for “other uses” ; he may be considered one of the enlightened 
ones, but I do not think it is any particular advantage for consumers to 
know the number of other uses units used, which he says is one of the 
advantages of the double wiring system. Mr. Davie thinks that the 
telephone system of charging is the most complicated of any described, 
and is not conducive to getting business from the small consumers. 
Well, we find it is just the other way round. We get rather more 
small consumers, two- or three-room flats, and so on, adopting the 
telephone svstem, than we do the big houses. In the three-room flats, 
the “other uses " of electricity аге so extremely useful to the consumer, 
as there is not room for a staff of servants, and we have had actual 
cases where the consumers have told us that using electricity for these 
purposes has actually saved domestic help. I do not agree that the 
small consumers are the only ones left for a sales department to 
convert to lighting; even in Harley Street, there are quite as many 
houses without a service as with one. I am glad to see that Mr. Davie 
agrees with the fixed price rate, and regards it as the practical solution 
for bringing over the small consumer. When we have time and are 
not engaged in more remunerative business, it is the intention in 
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мас Marylebone to spend considerable sums out of profits on wiring 
' premises on this fixed-price basis. It is а very much better way than 
investing money at 4 per cent. Mr. Davie imagines that overloading 
of wiring, breakdowns, and blown fuses will be the order of the day in 
systems like the telephone system, but if consumers are advised by 
competent people, and the work is carried out іп a proper manner 
and under proper supervision, there is no more risk of blown fuses and 
extinctions, with other uses mixed up with the lighting system, than 
there is with the lighting system alone. Mr. Davie compares the 
telephone system with the flat rate in a suburban residence. He 
really should not compare Marylebone prices with those of other 
districts, because he must know of the special conditions applying 
in Marylebone which do not apply anywhere else in the country. 
Mr. Dow, whose remarks I value very greatly, thinks it would have 
made quicker business to have reduced the primary charge slightly 
and increased the running charge. It will have been fairly obvious 
by now that the telephone system really consists of turning the 8d. 
units of the maximum demand system into an annual sum and charging 
га. per unit for all units used. There are considerable advantages, as 
set out in the paper, from adhering to the figure of 1d., and it becomes 
difficult to increase the demand for heating and cooking at a rate of 
more than 1d. At the same time, the 14. carries a great deal more 
than the operating expenses and carries the cost of increased in- 
vestment charges as well. Then Mr. Dow comments on the main 
difference between the telephone system and the Detroit (or Room) 
system. He still does not convince me that the latter is better, at any 
rate for British conditions. On the room basis the consumer's standing 
charge is based on an arbitrary standard of illumination ; the tele- 
phone system being based on the connected load allows the consumer 
to install and pay for any standard of illumination he likes, and another 
great difficulty of the Detroit system, which is also that of the Norwich 
and floor area bases, is that consumers may install the cheapest and 
most wasteful of carbon filament lamps, thus increasing their maximum 
demand three or four times above that calculated for in arriving at 
the basis per room because the standing charge is not varied at all 
according to the connected load. With regard to the definition of 
convenience lights, our practice is almost the same as Mr. Dow's, 
by which he does not count rooms such as larders, lavatories, etc., 
the lighting of which is intermittent, so that there is no more difficulty 
with the telephone system than with the Detroit system. Then Mr. 
Dow says “that in a house wired throughout the connected load 
as figured for tariff purposes ought to become very promptly the 
normal connected load.of a residence of equal size." This seems 
to indicate that there is a much bigger difference in the use of 
residences of equal size as between this country and the United States. 
People living in residences of the same size and character are very 
rarely found to require the same amount of illumination or to consume 
the same amount of units. Mr. Dow says if the rooms are wired the 
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lights ought to be installed, and they almost certainly will be, but 
we find here it is not so. With regard to Mr. Bowden’s remarks, 
I note it is his opinion that “it should be regarded as a law in 
electricity supply that each consumer should pay a fixed charge 
per annum, equivalent to the cost entailed by the undertaking in 
order to supply each individual." This is, of course, very commend- 
able, but it is quite impossible to do it. All we can do is to get as 
near as expediency admits to this ideal. Even Mr. Bowden excepts 
large consumers. Why does he make this exception if he does not 
believe in the factor of expediency? My critics say I am wrong 
because I admit the factor of expediency ; then one man gets up and 
virtually says that he may use expediency in a factory, but I may 
not use it in a house, and here we have Mr. Bowden claiming the 
right to use expediency with large consumers, at the same time 
condemning me for using it in residences. Mr. Bowden criticises 
me for stating that standing and running @osts should be separately 
treated, and because I do not refer in the body of the paper to 
the method of applying these costs in fixing tariffs. Surely this 
is a matter which depends upon each particular undertaking ; con- 
ditions differ in each locality, as I pointed out in the paper, and 
each manager must apportion his fixed and running charges according 
to his own conditions. Mr. Bowden says I have omitted the all- 
important service cost ; as a matter of fact that is not at all important, 
and in the case of St. Marylebone the meter rent covers meter and 
service cost in the great majority of cases. I do not think it necessary 
to introduce a third factor, although I know it is frequently done 
in the United States. I do not agree with Mr. Bowden's definition 
of standing charges, and my description of standing charges in the 
first page of the paper is as close as can be given in a general way. 
Any closer allocation must be done separately by each undertaking. 
As regards the diversity, I thought it was obvious that the reason 
of the “other uses" units being put in at 1d. per unit was on account 
of their diversity. With reference to the diversity of arc lamps out- 
side shops, I do not agree at all with Mr. Bowden's factor of 2. It 
is not the general experience, as any one can see for himself, 
because practically all arc lamps outside shops are turned on 
just before dusk. Mr. Bowden thinks that the proposition to supply 
cooking at 1d. per unit with no fixed charge is astounding. When 
Mr. Bowden gets more experience he will not think it at all marvellous. 
Mr. Bowden refers to my weakness for flat rates when at West Ham 
and complains that the low charge there troubled him somewhat. As 
regards the low charge, surely 3d. per unit cannot be considered low 
for the high load factor lighting in such an area, where people do not 
leave their houses for six months ata time and go to the South of France. 
A differential tariff is mainly to encourage “ other uses” of electricity, and 
in those days “ other uses” apparatus hardly existed in a reliable form, 
and besides, the class of resident was not that likely to make great use of 
the other applications of electricity than lighting. Mr. Bowden is very 
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anxious to have it known that he has adopted a similar system to the 
telephone system for some years past. If the system is as bad as he 
tries to make out in his criticism, the obvious question is, Why is he so 
anxious to mention that he was a pioneer of this kind of tariff and thus 
deliberately share with me the opprobrium of putting in use an unsuit- 
able and unsatisfactory tariff? It is rather amusing to me to note 
the melancholy prophecy of what is going to happen in St. 
Marylebone, due to the adoption of the telephone system, and 
encouraging a huge demand for cooking appliances at unremunera- 
tive prices. I believe Mr. Bowden was one of those who very 
severely criticised any engineer who offered electric power at suffi- 
ciently low rates to compete with other agencies. Mr. Bowden 
has been converted with the others in this direction, as I believe the 
power rates offered in Poplar now are fairly low. When he has obtained 
the same experience of electric cooking and the diversity of such load 
he may perhaps alter his*bpinion in this direction also. The point I 
must take exception to, is his remark re cooking units at unremunerative 
prices. The price named is not unremunerative ; on the other hand, at 
Id. per unit all round it is highly remunerative business, so much so 
that for the six summer months in St. Marylebone, we are supplying 
this class of load at 3d. per unit. 

In reply to Mr. Shaw, I find that a very great number of small con- 
sumers, 3- and 4-room flats and small residences, adopt the telephone 
system. I quite agree that different districts require different tariffs, 
but I do not agree at all that in Ilford, because of the large number of 
small consumers, such a tariff would be out of the question. I should 
think it is rather difficult to substantiate such a statement unless such 
proposals have actually been put to a number of residents. Mr. Shaw 
is afraid that the high figures given in the paper could not be obtained 
in other districts. I do not see that it is necessary to obtain such prices. 
Ilford should be able to charge quite easily £8 or £10 per kilowatt per 
annum and га, per unit, so that Mr. Shaw's first objection to the telephone 
system, namely, *a fairly high price," is no objection at all, because 
the price must be settled by thc conditions in each district. I have no 
idea as to the reason for this statement. "There is no necessity what- 
ever for the wiring and fitting to be carried out by the supply 
authority. Locking and inspection of lamps: I have dealt with this in 
replies to other critics. Mr. Shaw does not consider it fair that no 
rebate is allowed to telephone consumers on removal. The telephone 
system is not forced upon people; it is never adopted by any con- 
sumers, unless it is to their advantage. There are two or three other 
rates available. Mr. Shaw does not think the telephone system of 
much advantage because it avoids the necessity of double wiring. I 
am afraid he is quite in the minority on this point, but of course he has 
an absolute right to his own opinion. "There is no necessity to create a 
source of danger by putting electrical apparatus on to the ligating 
system if there is proper inspection of installations, which there should 
always be in every electric supply undertaking. Mr. Shaw thinks the 
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best policy is to make optional rates. I entirely agree with him there. I 
believe in one rate to be recommended, but two or three other rates 
which the consumers may adopt if they wish. 

Now what is to be gathered from the discussion? 

First, I think it may be taken that a differential rate is to be pre- 
ferred to a flat rate. 

Secondly, that little, if any, constructive criticism has been forth- 
coming. 

Thirdly, if the telephone system is all wrong, no better one has 
been put forward, though hinted at, which is valueless. 

The remarks on the Detroit and Norwich systems do not show 
their superiority. 

The maximum demand system was not referred to at all. 

I think by far the most important point is Mr. Moncrieff’s sugges- 
tion as to an Institution Committee on tariffs. That may lead even- 
tually to a standard method of building residence tariffs. [t must be 
admitted that the present position is somewhat chaotic and most un- 
satisfactory. 


Mr. 
Scabrook. 
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Proceedings of the Five Hundred апа Thirty- 
first Ordinary General Meeting of the 
Institution of Electrical Engineers, held on 


18th January, 1912—Mr. W. DuppeLL, F.R.S., 
Vice-President, in the chair. 


The minutes of the Ordinary General Meeting, held on rith 
January, 1912, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Hall. 


The following list of transfers was announcéd as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members :— 


Joseph William Beauchamp. Arthur E. McKenzie. 

Charles A. Blascheck. William Marsh. 

William Casson. Herbert A. Skelton. 

Ernest Coates. William Steuart. 

P. R. Friedlaender. Edmund B. Wedmore. 

Hugh John Holder. Alan Williams. 

John F. Lamb. Henry H. Wright. 
From the class of Associates to that of Associate Members :— 

Brudenell P. Boyle. | Herbert С. Jenkins. 
“Mostyn R. Gardner. | Arthur С. Shearer. 


Harold H. Williams. 


From the class of Students to that of Associate Members :- 


Lewis Barber. Arthur Johnson. 

George W. Blankley. Jeffrey S. Messent. 

Herbert Yates Denham. Alex. J. J. S. Paterson. 

Gordon Franklin. John F. Shipley. 
Frederick Smith. 


Messrs. J. B. Morgan and S. Hann were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected:— 
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As Associate Members. 


James William Atkinson. 
John Marriott Buer. 
George Henry Congdon. 
Henry Ernest Crocker. 
Thomas Francis Dillon. 
George Henry Fawcus. 
Percy Sylvester Fox. 
David Bowie Fulton. 
Alfred Brawn Gilbert. 
William Green. 

Habibur Rahman Khan. 
Ernest Soloman Lance. 
Philipp Alfred Laubach. 
Alfred John Leigh. 
Alexander Jenner Lovell. 


Michael J. McAsey. 

Hugh Mathias Mathiesen. 
William Mayall Milnes. 
William Robert Murray. 
James Vernon Payne. 
Bernard Hartley Peter. 
Alan Roberts. 

Harvey Allan Smith. 
Arthur Stockham. 

Walter Alfred Stradling. 
John Dean Taylor. 
Sidney Mark G. Teal. 
Guy Stafford Thorne. 
Williain Parker Ward. 
Charles Skaife Wolstenholme. 


William Henry Woods. 


The CHAIRMAN : I have to announce that Mr. К. K. Gray has pre- 
sented to the Institution a gold medal, which was presented to the late 
Sir Samuel Canning by the American Chamber of Commerce in Liver- 
pool on the completion of the 1865-6 Atlantic cables between Valentia 
Island and Heart’s Content, Newfoundland, together with a bronze 


replica of the reverse of the medal. 


I am sure that the members will 


desire to give a most hearty vote of thanks to Mr. Gray for his gift. 
The resolution of thanks was carried by acclamation. 
The discussion on Mr. A. H. Seabrook’s paper, “ Residence Tariffs,” 
was resumed (see page 428), and the meeting adjourned at 10.5 p.m. 
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A SUMMARY OF THE THEORY OF THE PRO- 
DUCTION OF ELECTRIC OSCILLATIONS. 


By AaGE S. М. SORENSEN, Associate Member. 


(Paper reccived 4th November, 1911, and read before the NEWCASTLE LOCAL 
SECTION, 27th November, 1911.) 


The production of electrical oscillations, and their application to 
radiotelegraphy is to any one interested in electrical science a very 
fascinating subject. On the other hand, the literature available is 
either of a semi-popular kind or it is of a more detailed and extensive 
nature than 15 wanted by any except those engaged in the profession. 
It is therefore the object of this paper to give a short abstract of the 
main principles of arc and spark oscillators, which, without going too 
far into detail, should yet present the subject with, it is hoped, a 
reasonable degree of continuity. This object leaves little or no scope 
for the expression of original views, the paper being restricted to an 
abridgment of the existing literature ; but it is the author's belief that 
the subject is in itself of sufficient interest to justify the appearance of 
this paper. 

The Single Circuit.—l1f a condenser of capacity С be discharged 
through a circuit with self-inductance L and resistance R, the relation 
between the charge О and the time / will be— 


а° Q dQ Q 
Lop tRy te=. I ж сё Са сй ха (1) 


The integration gives— 
Q =A, сф А,с%” 


where f and 4 аге the roots in the equation— 
з ыы 
Lat+Re+ с =o. 


If рапа q are real (if R 2 2 ./L/C) the discharge is unidirectional ; if p 
and g are imaginary the solution by trigonometrical functions gives— 


О--О,е 21, COS 2T m + -————-——— -sin2mwc.-— 420% (2) 
i i baik R? 1 
4 
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which sbows that the discharge is oscillatory with the period— 


quur ve se уші wn 9. Creuse ce 74 (3) 


Generally R?/4 L? is small compared with 1/1, C, and then— 
Tz2-JLC........ . (4) 


which is the Thomson-Kirchhoff formula. 

The equation (2) gives the relation between the charge and the 
time. It will be seen that the amplitudes of the oscillations decrease 
with the time, the ratio between the amplitudes of two consecutive 


periods being— 


Б exguNL. a 6 25) 
Qo : e 2 E 
that is to say, a constant quantity, and the natural logarithm of this 


ratio— 
ózRANL.......... (6 


is called the logarithmic decrement. If the ratio were taken at con- 
secutive half-periods the ratio of the amplitudes would still be constant, 
but negative, and the natural logarithm would consequently be 
imaginary, unless the sign be disregarded in the definition of the 
decrement. Some authors reckon the damping decrement on the basis 
of the half-period ; but it will be seen below that it is possible to 
generate oscillations, in which two consecutive half-periods show a 
considerable difference, whilst all complete periods are exactly alike. 
In this case the use of half- and full-period decrements would be 
confusing. A train of such oscillations would in respect to the full 
periods be undamped, whilst the single oscillations by comparing half 
periods would show an,at times even considerable, amount of damping. 
The effect on the single oscillation is, in both cases, that the wave-form 
differs from the pure sine-shape, but it will be more consistent to 
distinguish between— 


I. Damping, in relation to a wave-train, and 
2. Distortion of the wave-form, in relation to the single oscillation. 


The practical side of the question supports this distinction. The 
selectivity of a wave-train will, of course, depend on the damping of 
the train ; the lessthe damping, the more can the resonance be utilised ; 
and a train of continuous, uniform oscillations will naturally prove 
quite undamped in this respect, so long as the wave is not abnormally 
distorted. 

VoL. 48. 81 
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Coupled Circuits.—1f n circuits are coupled together the differential | 
equation for circuit р would be— 


L,. T 95 + Ry. JE C + ЕМА, OPE pre шо 


df С„; 


(Ғесі;2;2 аа Pf 1, P Тузеу tl). 


Here M,,, is the mutual inductance, 1/C,,, the mutual coefficient of 
potential of circuit ) to circuit r; L,, C,, Rp, and Q, are respectively 
inductance, capacity, resistance, and charge, in circuit ^, where the 
index p can have all values between г and л, except that for the excited 
circuit a term is added due to the exciting voltage. The complete 
solution of the л simultaneous differential equations need not be 
discussed here, as it is given elsewhere by P. O. Pedersen.* 

Commonly the case of two circuits only is of interest, and as a 
further simplification it will be assumed that their resistances are 
negligible, and that the coupling is that due to their mutual inductance 
only, for which М, a= M, , = М ; further, the two circuits are tuned 
to the same periodicity, that 15, L, C; = L; C,, and the degree of 
coupling, defined as k? = M?/L,L.,, is introduced. The equations аге 


then :— 
dQ, , Qı d? О, 
bear ойшы T? 
ағ 0, A а 0, _ 
L,. а іг + C, + M . d (3 —À O. 


Differentiation and elimination of Q gives— 


LC,-L,C, Фо, Q 


L,— M? Мо. шш 
(L, M°), ` Th QU. "du Cc е 
Integration by Q = есі decides a from— 
— K? 4 А ЛЕШЕ 
(1 — К°). а TI. ‚а? эү TO , == 0, 
from which— 
+ /-1 
их С,.. (1+ К 

The period is then— a ) 

T 2 T, VI + К, 
where— 

Тая шош ысыр я. 4 МЮ) 
or the wave-length— 

А, на 

МАЕК s 


thus showing the presence of the different waves. 


* gahrbuch der Drahtlosen Telegraphie, vol. 4, p. 449, 1911. 
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When the damping is taken into account the calculations get some- 
what more complicated, the result being that the two waves have 
different decrements. 

In applying the above formule it must be remembered that they 
have been deduced for the ideal circuit, in which all the inductance is 
in the coil and all the capacity in the condenser ; this is, of course, not 
the case іп a practical circuit. In the case of direct coupling it may 
also be necessary to take the respective resistances into account 
besides the mutual inductance and mutual coefficient of potential. 

Another factor which will need further discussion is the damping. 
It was shown above that the damping. was measured by the log. 
decrement, as given by equation (6) ; the amplitude curve would be 
an exponential curve. Іп a practical circuit there are, however, several 
other losses which have the effect of decreasing the amplitude, besides 
the loss due to the resistance dissipating energy as Joulean heat. The 
other causes are : Dielectric hysteresis, brush discharge, radiation, and 
(in circuits with a spark-gap) the spark. The combined effect does not 
actually result in a constant decrement (for all periods), but for prac- 
tical purposes it is found more convenient to reckon with an average 
decrement which is assumed to be constant. The equivalent resistance 
is then the resistance corresponding to the average decrement by 
equation (6), and the decrement is generally found by measuring the 
equivalent resistance (Bjerknes method). 

The amplitude curve, due to a spark in an otherwise undamped 
circuit (and with no “ohmic” resistance in the spark), would be a 
straight line, 7.e., not the ratio of, but the difference between, consecu- 
tive amplitudes would be constant—in other words, the spark resistance 
is afunction of the current. With an arc the case is exactly the same, 
and it therefore follows that R in equation (1), when applied to an 
oscillator, should be itself a function of d 0/4 /, and in this case the 
integration could not be completed as above. 

For the discussion of the problem of the oscillation-generating 
circuit it then becomes of importance to know this relation, R = / (i), 
or better, instead the function— 


E =i x f(i) =F (i), 


_ the relation between the difference of potential at the electrodes and 
the current in the discharger, which relation is called the characieristic. 

The Characteristic.—For an ordinary conductor possessing only 
ohmic resistance the characteristic is a straight line rising from the 
origin (tan a = К), as seen in Fig. 1. 

The characteristic of a direct-current arc is a curve approximating 
to a hyperbola. The highest point is the breakdown voltage for the 
gap ; from here it falls rapidly with a small increase in the current. 
This part of the characteristic is in all cases very steep, the starting 
potential being several thousand volts, whilst at about 2 amperes the 
potential is commonly of the order of only 5o volts; for medium 
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currents (between 2 and ro amperes) the steepness depends on the 
nature of the electrodes and the gas, and for currents of the order of 
over IO amperes the characteristic is practically a horizontal straight 
line. This curve is shown in its general appearance in Fig. 2, and is 
the static characteristic, of which all points correspond to steady condi- 
tions in the arc. In the case of an alternating arc or a direct-current 


с Static Characteristic. 
Conductor. 


FIG. I. 


arc with superimposed alternations the characteristic is of quite a 
different shape, and is called the dynamic characteristic. 

The Dynamic Characteristic.—lt will readily be understood that when 
the current in the arc is first increased to a certain value and then 
decreased, the electrodes will not have time to get cooled or the gas in 
the gap to be de-ionised sufficiently for the conditions in the arc to be 


Static Characteristic. 
D.C. Are. 


FIG. 2. 


the same, when the current is passing through the same values during 
the decrease as they were during the increase, and consequently the 
characteristic will form some kind of a closed curve. This phenomenon 
bears so great a resemblance to the behaviour of magnetic hysteresis, 
that it is termed “arc-hysteresis.” Fig. 3 gives the outline of such a 
dynamic characteristic. 
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The dynamic characteristics (and also the current and voltage 
curves) can be experimentally examined by the Braun tube, and a 
paper containing numerous such curves for the oscillatory arc has been 
published by Blondel,* whilst the theoretical treatment of the subject 
has been given by H. Barkhausen.] In the oscillatory arc the 
presence of both direct- and alternating-current accounts for three 


FIG. 3. 


different cases which have to be considered, to each of which 
corresponds a different type of oscillation. 

The First Type of Oscillations occur when the amplitude of the 
oscillations is smaller than the direct current. The dynamic charac- 
teristic is of the closed (elliptical) type, and the current curve nearly a 
pure sine-wave. With increasing frequency the hysteresis will increase 


\ | Dynamic 
Characteristic 


Fic. 4.—First Type Oscillations. 


the phase-difference between potential and current, and therefore the 
output decreases. This case is represented by the Duddell singing 
arc, and as is known, this generator cannot produce any appreciable 
amount of energy for the frequencies used in radiotelegraphy. In 
order to obtain oscillations of this kind with an arc connected to an 


* ГЕсіаһаде Électrique, vol. 44, р. 41, 1905. 
t Das Problem der Schwingungserzeugung, S. Hirzel, Leipzig, 1907. 
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oscillatory circuit, it can be shown that the corresponding part of the 
static characteristic of the said arc must be a falling one—that is to say, 
d Eldi must be negative and less than the resistance of the direct- 


Current 


ү 
ы 
x 
_____% 
Rane ee 


FIG. 5.—Second Type Oscillations. 


current circuit. Fig. 4 represents the characteristic and the current 
curve. 
The Second Type of Oscillations, which correspond to an oscillation 
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amplitude greater than the direct current, show a very different 
procedure. The current in the arc must be the sum of the direct 
current and the alternating current, and consequently at a certain 
moment becomes zero, i.e, the arc is extinguished, and the potential 
difference at the electrodes falls from the value belonging to the 


Current 


Fic. 6.—Second Type Oscillations. 


burning arc to that of the condenser, which will then charge up 
under constant current (the direct current), and the potential will 
accordingly rise, along a straight line. At the moment this potential 
teaches a sufficiently high value to bridge the arc-gap, the arc is 
re-lighted, and the arc potential immediately falls to that corresponding 
to the arc when burning. Therefore the characteristic, and the current 
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and pressure curves must have the form shown in Fig. 5. When the 
arc is re-lighted the condenser discharges through the burning arc 
until this again causes the arc to be extinguished, and so on. 


Dyn. Char: 


Fic. 7.—Second Type Oscillations. 


Actually the fall in potential does not occur as abruptly as in 
Fig. 5, but the curves take the form shown in Fig. 6. An oscillation 
thus consists of two different intervals : in the first the current i= i, +, 
is composed of the direct current i, and the oscillatory current i,, the 
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period of which is T,=2-7 JL C; but as this interval can only last 
between a half and a full swing, its duration must be such that 
a /LC<T,<22”JLC. In the second interval the current is 
o =i, + i, or i =— і charging the condenser С to the potential E, at 
which the arc re-lights ; the duration therefore T,= E C/i,, and the 
period of the complete oscillation is T = T, + Т. It will be seen that 
the second interval is independent of the frequency of the condenser 
circuit ; it may, in fact, reach values several times greater than the 
first interval, and the conditions depicted in Fig. 7 will obtain. In 
such a case the condenser circuit frequency is not very pronounced, 
whilst there is plenty of scope for harmonics. Such conditions 
prevail when the oscillation amplitude is great and the direct current 
small. When there is only a small difference between % апа 1, the 
oscillations will be nearly sine-shaped, and will allow of resonance 
being utilised to a great extent. On the other hand, to obtain an 
appreciable amount of energy the value of E must be as great as 
possible, but this means a long second interval: the longer it is the 
cooler will the electrodes get, and the more the ionised gas is 
carried away from the arc-gap, the higher will be the potential 
required to break it down, and the greater the charge EC of the 
condenser. 

Now, another way of obtaining this result would be to make i, large ; 
but the gap must then be prevented from breaking down before the 
desired high potential is attained, which must now take place in only a 
small fraction of the complete period, and for this purpose the following 
means are adopted: Cooling of the electrodes; blowing away the 
ionised gas by a magnetic field ; burning the arc in a gas with a great 
velocity of diffusion (hydrogen) ; and letting the electrodes revolve so 
that the arc re-lights on a cool place. An oscillation generator of this 
type is the Poulsen arc, with which powerful oscillations can be 
generated. 

Third Type of Oscillations.—It has been shown that with the second 
type of oscillations the arc potential falls to that of the condenser at the 
instant the arc is extinguished, and the condenser then becomes re- 
charged ; but if at this moment the condenser potential is sufficient to 
break down the gap, the arc will re-light in the opposite direction—in 
other words, the condenser discharge will be continued ; and this may 
go on for several oscillations, until the arc finally dies out ; then a second 
interval, as in the case of oscillations of the second type sets in, the 
condenser charges ар,ғапа the process is repeated. During the con- 
denser discharge, however, no energy is supplied to the condenser, so 
that a short train of strongly damped oscillations is generated in each 
period. Fig. 8 shows current and potential curves; the oscillation 
frequency is that of the condenser circuit, but by regulation of the 
second interval, the train frequency can be adjusted to produce a 
musical note. А special case of the third type of oscillations with 
a very long second interval is nothing but the ordinary oscillatory spark 
discharge. 
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Еіс. 8.—Third Type Oscillations. 
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Before concluding, an interesting little physical experiment * may 
be mentioned, which in some way confirms the above theories of the 
oscillating arc, independently of all electrical measurements. The 
spectrum of an arc in coal-gas or hydrogen was compared, first when 
the arc was not connected, and secondly, connected to an oscillatory 
circuit of frequency 277,000 periods per second. In the first case the 
lines from the copper electrode predominated, while in the second 
case the lines or bands from the atmosphere were predominant. 


* Physikalische Zeitschrift, vol. 12, p. 196, 1911. 
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AN AUTOMATIC STARTING DEVICE FOR 
ASYNCHRONOUS MOTORS. 


By N. PENSABENE-PEREZ, Associate Member. 


(Paper first received 9th October, 1911, received in final form 14th November, 
1911, and read before the BIRMINGHAM LOCAL SECTION on 13th Decem- 
ber, 1911.) : 


SUMMARY. 


Induction motors with self-contained resistance — Hand and automatic 
control—Advantages of the latter—Value of the resistance in function of 
the speed to maintain a constant-current input—General equation of 
equilibrium for constant-current automalic starting—Necessity of an 
independent variable—Variable ratio gear as given by a differential 
equation—The graphical solution—Condition of proper working—Sensi- 
tiveness and the influence of dynamic friction— The fluctuation of 
current in ordinary multi studs starter—The best theoretical conditions— 
Time necessary for starting—Energy loss at starting—Comparison with 
the automatic starting—Mechanical details. 


AUTOMATIC STARTING OF ASYNCHRONOUS MOTORS. 


The. principal advantages of an automatic self-starting induction 
motor provided with a resistance having a great number of steps can 
be set forth as follows :— 


1. The motor is started by simply closing the primary switch. 
No mistake in controlling is therefore possible. 

. The motor is always ready to start. If it stops for any reason 
it can start again, being always protected, and protecting 
the supply from short-circuit currents. No-voltage release 
arrangement is never required for the protection of the 
motor. 

3. The motor takes an almost constant current from the supply 
during the period of starting, with the exception of the first 
small rush before the contacts begin to move. This involves 
all the advantages of slow-motion starting control. 

4. À constant current equal to the maximum allowable means a 
considerable reduction in the time necessary for starting. 

5. A constant starting current also means a minimum waste of 

power in the resistances. 

. The motor is very suitable for long-distance control. 


N 


C 
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7. No brush or slip rings, rotor cables, short-circuiting or brush- 
lifting device are necessary. 

8. Considerable saving as compared with the cost of the slip-ring 
motor and separate starter. 


Let us consider first the problem in its generality. Suppose a 
suitable arrangement of resistances and moving contacts controlled by 
centrifugal forces cutting out the resistances from the phases of the 
motor while the latter increases in speed at starting. Assume that by 
providing a sufficient number of contacts the resistances are cut out 
gradually, and that the centrifugal forces moving the contacts are 
opposed by the action of a spring, which brings back the contacts, and 
thus inserts all the resistances in circuit, as soon as the speed falls 
below a certain minimum value. 

Let us call 5 the slip corresponding to this minimum speed №". 

If E and r are respectively the rotor electromotive force and the 
resistance per phase, and R, the total starting resistance per phase, it is 
evident that the current before the rotor begins to move is— 


E 


i= ° 


Ro+r 


This current decreases gradually until it reaches the value— 


i= Es. 
~ Rr 


For higher speeds the resistance begins to be cut out, and if we 
propose to keep the current constant it must be— 


Es Es 
R+r R +r 
where s and R are respectively the slip and resistance per phase at any 


instant. 
We have then— 


N, being the synchronous speed, N the speed corresponding to the 
slip s; therefore— 


N= N, (1 == 15 КЕ») € b > e è è 0% (1) 


This shows that, in order to keep the rotor, and, in consequence, 
the stator current constant in the starting period, the resistance of the 
starter must be varied according to the above relation. 

In other words, there must be equilibrium between the centrifugal 
forces, the tension of the springs, and the friction for any position 
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corresponding to a certain resistance R and a speed N given by the 
above formula. The difficulties in the way of the proper solution of 
this problem are greater than would appear at first sight. Here it will 
be enough to mention one of a general character. 

Suppose we have a system of weights rigidly connected to the 
moving arms. The centrifugal forces acting on these weights, arms, 
and contacts are a function of the speed N and of the position of the 
contacts, which can be defined by a certain length x NowasN isa 
function of R, and this is a function of x, we may say that the centri- 
fugal action will be a function of x, say f(x). The spring action will 
be another function, say /,(x), and, if we call k a constant representing 
the friction resistance, we must have — 


Жа) = fx) +h 


for any value of x. Now unless the above be an identity it is impossible 
to be satisfied for all values of x. The simplest way out of the difficulty 
is to introduce a new variable y in the shape of a link, or a variable 
ratio gear between the centrifugal force and the tension of the spring. 
In this case the relation would be— 


fx y) = fx) t k, 


and this can always be satisfied for any value of x if we conveniently 
vary y. 

The following is a device, designed by the author, which would 
fulfil the above condition.* The resistances for a 3-phase wound rotor 
consist of flat strips wound as three separate independent discs and 
insulated with asbestos paper (see Fig. 7). These three discs are 
clamped together with two cast-iron end discs, on the periphery of 
which is pivoted a bar carrying three arms with three contacts sliding 
along the polished face of the resistance discs. We may earth the 
inner extremity of these three resistances and connect the three rotor 
phases to the other extremity so that when the contacts move outwards 
they gradually cut out the resistances. In this case the weight of the 
arms can be used to help the motion of the contacts. When the rotor 
phases are connected to the inner rings, of course this weight will 
oppose the motion. This latter arrangement 15 preferable, as it will be 
seen later. It is this case we will consider in the following. An 
auxiliary weight is provided which, through a variable ratio gear, as 
shown in Fig. 1, produces by centrifugal force the motion of the arms 
against the tension of the spring. 

Let us call P, /, the moment of this weight and P/ the moment of 
the arms and contracts, 8, d the angles as shown in the figure. As soon 
as the speed of the machine rises above a certain minimum speed the 
motion begins, and, for a certain position, as indicated in the figure, the 


* Е.С.С. and Pensabene, Patent No. 13962, IgII, 
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centrifugal force torques can be expressed in kg. cm. as follows (see 
Fig. 1) :— 


NM. 
М, = ) РО 1. e) 5 1 1 1) 
11,2 A (5. sin (8: + а,) round А 
M = 11,2P7,0A.( Y sin (3 — a) round A 
1000 


and the torque due to the spring round point A can be expressed as a 
function S of a. 


FIG I. 


Finally, if F is the torque due to the friction of the system while in 
motion, we must have, as stated before, since M opposes the motion— 


eM,—M=S+F, 


where ғ represents the ratio of the gear for the position under con- 
sideration. It is easy to see that— 


AM da, 

A,M 4а? 
N \? . da 
) es A, (©) I 1) 4— 
11,2 Р O : sin (8, + a qu 


—11,2P1.0A. (Ж) sin@—«)=S+ F . .(2) 


Now N is given by (1) where R is a function of a, so the above is 
really a differential equation having variables a, and a easily separable. 
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It is, therefore, simple to express a, in function of a and, in consequence, 
to find— 


for any value of a. In this way it will be possible to find the shape of 
the gear by which the equation (2) can be satisfied. An analytical 
solution, however, leads to complicated expressions of difficult appli- 
cation. 

The following is a graphical treatment, which I think is far prefer- 


able, as, apart from being simpler, it gives a clearer insight into the 
bearing which the different elements have in the problem. 
Equation (2) can be written— 


қ da, уа 7 
sin (8, + а,) du = (Gs P, 1, (>) OA, 


sin (8 — а)) = g(a) 00 « (3) 


In the annexed diagram (Fig. 2) we have plotted with the angle a as 
abscissz the value of resistance R and the speed М given by the 
equation (1). With the help of this last curve the second member of 
the above expression can be easily plotted (Fig. 3). This is a curve 
shown in the diagram as ф(а) ; by integration of (3) we get— 


a 


|. 


I a 
sin (B+ a) 4а | ф (a) d a. 
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The integral curve of the second member can be easily traced and, 
in consequence, also— 


cos (8, + a;) = cos B: — | ae) da 


2 


ала-- 


a, — arc cos (cos B: - fro da ) — pi, 


which gives the angle a, in the terms of the angle a. This has been 


Сов В; 
)da. 
fene 5, 


plotted in the diagram. As we have said before, the value of e is 
given by— 
ЗЕ СИЕ T 
da sin (B, + ав) 


which is simply the coefficient of the tangent at any point of the curve 
a, Itis obvious that for the proper working of the gear the ratio must 
decrease with a. Therefore, we come to the following condition: The 
curve е must not admit any maximum or minimum for any value of a 
between zero and а. 

In Fig. 3 a curve has been plotted giving « in terms of a. From this 
dt is easy to trace the shape of the gear as shown in Fig. д. It will be 
VoL. 48. 82 
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seen that the fingers A, B engage at normal running conditions, and the 
ratio being thereby increased the speed can go down to any pre- 
arranged value before any backward motion can take place. 


RELIABILITY IN WORKING. 


When experimenting with the apparatus described, serious faults 
were found to exist, and were at first very difficult to explain and 
eliminate. As soon as the primary switch was closed, the stator current 
reached the maximum calculated, but this gradually went down con- 

siderably below thc constant value pre-arranged, 
after which, if the load exceeded a certain value, 
the motor stopped accelerating, and, if the load 
was reduced, the motor suddenly went up to full- 
load speed after a considerable rush of current. 
A To understand what was taking place we must 
introduce another factor, that is the difference 
between the static and dynamic friction, or what 
can be termed the sticking action. The influ- 
ence of this element can be seen from the follow- 
В ing. Assoonas the primary switch is closed the 
current through the resistance will be #’. The 
motor begins to accelerate more or less quickly 
according to the load. When the speed N' is 
reached the current will take the value equal to 
PIGSA: i = 5 4, which we propose to keep constant during 
all periods of acceleration. At such a speed there 
is an equilibrium between the centrifugal force, tension of the spring, 
and the dynamic friction F. If, however, the static friction is я Е, 
where n is a number larger than unity, the speed necessary to produce 
the starting motion will be m N’ given by the relation— 
€ M. — M an y=S 4+ nF, 
N a 
where M, MS are calculated for a = o. 
As we have arranged to have ғ М, — M =S + Е we have— 


which shows that in order to reduce the increase of speed necessary to 
overcome the difference between static and dynamic friction, the ratio 
between the spring tension and the static friction must be as large 
as possible. As soon as the motion is initiated the friction drops 
to the dynamic value, and there is an excess of motive effort, and, in 
consequence, acceleration until the contacts have assumed that position 
in which the spring balances the action of the centrifugal forces. In 
his position the contacts stop again. We may assume that the time 
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taken by the contacts to move and stop again is so small as to warrant 
our considering the speed of the motor constant in this period equal to 
m N'. The position, then, the contacts are going to take can be easily 
fixed, being the position for which there is equilibrium at such a speed 
in the case of dynamic friction. The process continues in the same 
way. Now it is obvious that while the contacts are stationary on the 
discs, and the speed increases, the current and the torque of the motor 
goes down, and may fall to such a value as to reach the magnitude of 
the load torque, in which case the motor stops accelerating. 

When the increase in speed necessary to overcome the static friction 
exceeds a certain limit, it is obviousthat the acceleration of the contacts 
and arms, etc., may be so great as to store enough kinetic energy in the 
system as to make the contacts overstep the angle of equilibrium corre- 
sponding to the speed of the motor, hence a current larger than і. Near 
synchronism this danger is more pronounced, and large kicks of current 
were observed, showing that all the resistances were cut out too soon. 
All these troubles have been practically eliminated by reducing the 
friction F as much as possible, and increasing the spring tension. 


TIME NECESSARY FOR STARTING. 


The time necessary for starting a motor depends on the magnitude 
of the accelerating torque (that is, the torque difference between the 
motor torque and the load torque) and the kinetic energv stored in all 
the masses driven by the motor at full speed. In any motor controlled 
by an ordinary starter the current and the torque fluctuate between a 
maximum and a minimum value, and this fluctuation is the greater the 
smaller the number of contacts in the starter. In the case of the auto- 
matic starter, the number of steps being very great, the current would 
drop, as we have seen, down to бо per cent., or 75 per cent. of the 
maximum allowed, and then remain practically constant until the 
machine reaches full speed. For this reason the time taken by 
the automatic starter, as described, is much less than the time taken 
by a motor controlled by an ordinary commercial starter. In the 
following is described a graphical method of calculating the time 
necessary for starting, and the advantage, as set forth above, of a 
starter with a very large number of contacts will be clearly shown. 
This calculation, however, does not take into consideration the human 
factor in the case of the hand control, by which it is extremely 
difficult to satisfy the theoretical conditions necessary to obtain the 
best results. | 

In general, if we call Н the accelerating brake-horse-power after 2 
seconds from the moment the motor begins to move, and w the stored 
energy in horse-power seconds, we have— 


Hdí- dw. 
Now we can write— 
№ 


w =W №’ 
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where W is the stored energy at full speed N, and N' the speed at the 
instant in consideration. We have also— 


Hat’ 
725 
where Т is in kg. т. the accelerating torque, therefore— 
T N'dt W, 
or, finally— 
a N 
|. 1450 4 
mí N2 W T 
v О 

in seconds. 


It will be noted here, by the way, that the accelerating torque T in 
a motor is never nil, because the time necessary to reach the speed for 
which it becomes nil is infinite. An induction motor, for instance, 
even if working against zero load torque (no friction or hysteresis 
torque, etc.), will never reach synchronism if provided with inertia. 
The physical explanation of this can be easily conceived. 

Let us now consider first the case of a n coil starter, and let us 
assume the current іп the rotor to be limited to the value I,. If this 
current is not much greater than the current corresponding to the 
maximum power factor, we can assume the rotor flux to be constant 
and equal to the stator flux, and, therefore, we can take the rotor 
current to be approximately proportional to the torque developed by 
the motor. The current I, after starting will go down, and so will the 
torque as soon as the rotor beginsto increaseinspeed. If the minimum 
torque is fixed, and corresponding to the current I,, as soon as this 
current is reached, we must pass to the next contact, where the current 
will jump again to the maximum value I,, and so on. 

If E is the rotor E.M.F., and r,, 7,-1... 7, the resistances on different 
steps, $4, S4—1 ... 5, the slips at the end of each step, r the rotor resist- 
ance and s the slip produced by this resistance at the load I,, we have— 


E Es. Eo 


I, — T --- — 
Fa. fau T 
I | Es, Es Es 
dE Fy Pus nii ғ? 
therefore— 
l әре L= Sm Ml No ne NO LI сш 
І, Sn Sn—1 5 Tur Tn—2 r’ 
or— 
Im k Sa See k Snr s == ЁЗ, 
or— 


Ha 
Pa Р Ven = R hiaan = kr and r= Lm. 
$ r 


п + Iis the number of studs used in the starter after the motor begins 
to move, # is the number of starting resistance coils. 
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Time necessary for starting. 


5 КАМ. Six studs hand starter. 
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Let us consider the case of a 25-B.H.P. induction motor controlled 
by а six-stud starter. | 

Let us plot in Fig. 5 the load torque as given by curve 6 in function 
of the speed or slip. Let us fix as minimum torque to be developed by 
the motor the torque corresponding to I,, then— 


het / 1; 
$ 


assuming s = 0'04, we get— 
L — r711], Есші?і. 


I, 


In the first step the slip gocs from unity to p i’ in the second 


step from 1 to = etc. By taking the segment OO as unity, the slip at 


k k 
the end of any step can be fixed as in the figure. The current in each 
step varies as a straight line from І, to I,. 

The torque T is evidently the difference of the ordinates of curve a, 
which represents the motor torque and the curve b, which represents 
the load torque. 

To find the time it will now be necessary to plot the curve c 
representing the values— 


or seconds рег horse-power stored energy, necessary to reach any 
speed between O and N. 

The same process can be repeated for the case of automatic control. 
In this case, if we keep the same maximum current I, the constant 
current will be 5' I,, where s' is the slip (in our case assumed to be 
equal to o'8) at which theresistance begins to be cut off. This constant 
current, or torque, will be represented by curve f. 
1450 I 
N? T 


curve g and the integral, or 


The expression will be here expressed by the dotted 


Е by curve е. 

It will be seen here that the time per horse-power seconds stored 
energy is considerably less than with the hand control in the best 
theoretical conditions of a six-stud starter. 

Moreover, the losses in the resistance are less, as can be seen in 
Fig. 6. In this figure we have plotted in terms of time the expressions 
31I'r in the assumption of roo-H.P.-seconds stored energy; the full 
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line belonging to the first case and the dotted line to the self-starting 
case. 

The curves oa, and o b, represent the kilowatts lost at any instant in 
one and the other case. 

Fig. 7 shows details of a 20-H.P. automatic starter. It is to be 
noted that besides the asbestos paper between turns of the spiral 
German silver strip no other insulating material is used. This can 
only be achieved by making the outside cast-iron rings, which clamp 
each resistance ring, the neutral of the starter, which, therefore, is 
earthed. The inside rings of the discs are connected to the end of 
the rotor phases. The weights of the contacts and arms act against 
the motion. Although this is an inconvenience, the little disadvantage 
is amply repaid by the simplicity and soundness of the construction. 

Fig. 8 shows a 300-H.P. induction motor made by the Electric 
Construction Company, Ltd.; fitted with a self-contained automatic 
starter. This was designed to start the motor against one-third of 
full-load torque. This starter is fixed on the arms of the spider, and, 
the three phases being connected to the outside of the discs, the con- 
tacts move outwards. A starter of this description is specially suitable 
for high-voltage induction motors, as it entirely avoids any danger of 
large rush of current at starting due to carelessness in cutting out the 
starting resistance. These large fluctuations of current, as is well 
known, are very often responsible for surging effect, producing break- 
down in the high-tension windings. 


DISCUSSION. 


Mr. А. Ілхрвлү FORSTER: On page 490 the author refers to certain 
difficulties which had to be overcome in the development of the details. 
These difficulties suggest that the author might have had some trouble 
arising out of the effect of the inertia of the moving parts. In design- 
ing steam engine governors in which the operating weights are on axes 
parallel to the rotating shaft it was necessary to consider the effect of 
any change in the rate of motion because such change affected the 
equilibrium established between the centrifugal force of the weights 
and the spring which opposed it. In Fig.1 of the paper, if a line is 
drawn from the shaft centre through the centre of gravity of the weight 
in any position, and another line normal to it also passing through the 
same point, would be the one along which inertia and momentum 
would act in their respective directions during any change in the rate 
of motion. If this line did not pass through A, the fulcrum and then 
the weight itself would be affected by such changes, but in any other 
position the effect of these changes would be directly proportional to 
the distance of the line from the fulcrum A. In the diagram the 
weights while at their inmost position would be unaffected by these 
forces, but as they moved outwards the influence of any increase in the 
speed of the motor would oppose the centrifugal force, whereas a 
reduction in speed while the change was in progress would assist the 
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centrifugal force. Similar reasoning applies to all the moving masses 
in the governor system. Іп Fig. 1, for example, the weight of the 
brush-arm while centrifugally opposed to that of the governor weight, 
acts in unison with it with regard to inertia and momentum. If the 
direction of rotation is reversed the above effects will be reversed, and 
it would be interesting to know whether the author has found that with 
a reversible motor a difference between the performances in the two 
directions can be noticed. When starting a machine which offers a 
constant torque these effects would not be of as much importance as 
they might be where the torque is variable, under which conditions 
the rate of acceleration would also be variable. 


Dr. С. C. GARRARD : The author's invention should find many useful Dr 


applications, especially where 3-phase motors are to be started by totally 
unskilled people or by people who knew nothing about electricity, 
such as would be the case when motors were installed for isolated 
machinery. I do not think the apparatus will supersede the ordinary 
starter in large works where the motors are usually started by a skilled 
person ; I also doubt whether the apparatus is cheaper than slip-rings 
and a rotor starter. The usefulness of the paper appears to me to have 
been limited by the author by his unnecessarily mathematical treat- 
ment. No doubt the author found the mathematical investigation of 
use ; that it is limited in this case in its application is admitted on 
page 488, where he says : “ The analytical solution leads to complicated 
expressions of difficult application," and then he proceeds to use a 
graphical method. Moreover, a long mathematical proof is not needed 
to demonstrate that the ratio between spring tension and static friction 
must be as large as possible, or that all these troubles have been 
practically eliminated by reducing the friction as much as possible as 
stated on pages 490 and 491. Inorder to achieve success іп any electro- 
mechanical appliance, from an ammeter upwards, it is necessary to 
keep the working forces large in comparison with the friction. I 
should like to ask the author how his device would work if the 
conditions were different from those assumed when calculating the 
resistance slope of gearing, etc. With the ordinary scheme of self- 
starting and automatic accelerating control gear means are provided, 
by the use of a relay or other device, that the speed of starting and the 
time taken to cut out the various steps of resistance can adapt them- 
selves to the conditions of starting. With the author's device a certain 
speed corresponds to a fixed position of the centrifugal arrangement, 
which puts a fixed resistance in the rotor circuit independently of the 
torque required to drive the load at that speed. It seems to me that 
if the starting conditions were very different from those allowed for in 
the design complications might arise, and I should be very glad if the 
author would enlighten me on this point. 

Mr. N. PENSABENE-PEREZ (in reply): I am much obliged to Mr. 
Lindsay-Forster for calling attention to the action of inertia of the 
moving parts as affecting the equilibrium of the system, when sudden 
variation of speed took place. In actual practice these variations 


Mr. 
Forster. 


Garrard, 


Mr. Pensa- 
bene-Perez 


Mr. Pensa- 
bene-Perez. 
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(owing to the inertia of the motor itself and the machinery driven by 
it) are too slow and the stored energy of the moving weight too small, 
for the effect mentioned by Mr. Forster to become noticeable. I have 
recently tried the case of a self-starting motor driving a dynamo fully 
excited on which the current was suddenly varied while starting, but 
no special fluctuation of the motor-starting current was observed owing 
to this sudden change of load torque. This was found to be the case 
when running in either direction. It must be noted that with the 
exception of the moving weight, all the weights of the arms, gear, сіс., 
are balanced, and this explains partly why the phenomena mentioned 
by Mr. Forster are not noticeable in practice. With reference to Dr. 
Garrard’s remarks, I cannot agree with him that in larger motors 
handled by skilled persons the usual slip-ring motor and starter could 
not be superseded by the self-starting motor. It is, of course, only 
reliability and chcapness which in time would decide this point, 
and from either of these points of view the balance was in favour of 
the automatic self-starting motor. Dr. Garrard’s reference to the use 
of mathematics in the paper gave the author a strong suspicion that he 
was under a misapprehension on this point. If Dr. Garrard was kind 
enough to read the paper again he would notice that no unnecessary 
mathematics is used, and that all the formulz arrived at were necessary 
for the graphical solution given in the paper. Dr. Garrard seemed to 
think that the “analytical solution which leads to complicated ex- 
pressions of difficult application” had been developed in this paper, 
while this was not the case, formula (2) being only the differential 
equation which had to be solved. ‘This was done, only by a graphical 
method. Moreover, no long mathematical formula was given to prove 
that the ratio between spring and static friction must be as large as 
possible. The simple formula given gave the value of the increase in 
speed necessary to overcome the difference between static and dynamic 
friction. With reference to the remarks of Dr. Garrard as to adaptability 
of the self-starting motor to the different conditions of starting, I 
should like to say that in cases where the load torque expected is 
smaller than the actual torque to deal with, the apparatus described 
could be easily adjusted by a simple arrangement which would 
prevent the contacts going all the way back under the action of the 
spring. By this means only a fraction of the resistance is used for 
starting, and thus a larger starting torque is obtained. This would 
answer satisfactorily for ordinary practical requirements. 
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THE DEVELOPMENT OF THE CIRCLE DIAGRAM 
FOR THE THREE - PHASE INDUCTION 
MACHINE. 


By THOMAS F. WALL, M.Sc., M.Eng., Associate Member. 


(Paper first received 13th Fuly, 1911, received in final form 5th December, 1911, 
and read before the BIRMINGHAM LOCAL SECTION on 13th December, 1911.) 


The development of the circle diagram given in the following is, as 
far as the author is aware, to some extent new, and it is beliéved that it 
will be found to be exceedingly simple. 

The operation of one phase only will be considered, for the action 
of each phase will be identical. 

In Fig. 1 the resultant rotating field due to the current in a 3-phase 
stator winding is shown in full lines, and for that instant at which the 
current in phase 1 has a maximum value. The current in phase 1 is 
considered positive when the current in the conductor marked т is as 
indicated by @. It is to be noted that the rotating field is wholly 
linking the coils of phase 1, so that at this instant the conductors of this 
phase are not being cut by any lines of force. The conditions, there- 
fore, represented by Fig. 1 are such that the current in phase 1 isa 
maximum, and the flux cutting the conductors of this phase is zero. 
Hence, if the current in phase 1 be represented by a vector, the vector 
of the rotating field must be drawn at 9o? to this current vector. 
The vector of the rotating field will be drawn to coincide in direction 
with the E.M.F. which it induces. 

Fig. 2 shows the position of the resultant rotating field relatively 
to the stator conductors for the instant ү; of a period earlier than that to 
which Fig. 1 refers. The current in phase 1 is positive and increasing, 
and the flux cutting the conductor 1 of this phase produces a negative 
and decreasing E.M.F. in this phase, therefore the current vector is to 
be drawn in advance of the flux vector. It has been shown above that 
the phase displacement between the current vector and the flux vector 
is 909, hence the current vector is to be drawn 9o? in advance of the 
rotating field. It may be remarked here, that part of the flux pro- 
duced by the current in phase r, e.g., the slot leakage flux, does not 
combine with the flux due to the current in the coils of the other phases 
to produce a rotating field. Since, however, this part of the flux is 
pulsating, the E.M.F. produced by it is 9o? behind the current, and has 
therefore the same phase as the E.M.F. produced by the rotating field. 
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This pulsating flux may be taken into account, therefore, by corre- 
spondingly increasing the vector of the rotating field. 
The vector diagram may now be drawn, always remembering that 


Fic. I. 


the rotating field lags by 9o? on the corresponding current in any one 
phase. It is convenient when drawing the vector diagram, to consider 
the rotor winding as having the same number of active conductors in 


d 
5 


FIG. 2. 


series per phase as the stator winding, that is to say, if д, be the number 
of active conductors in series per phase in the stator winding, and 4, be 
the number of active conductors in series per phase in the rotor wind- 


1911.) THREE-PHASE INDUCTION MACHINE. 501 


ing, the number of active conductors in series per phase of the rotor 
winding is assumed to be increased in the ratio 4,/4., and the rotor 
current diminished in the same ratio. The winding factors of both 
windings are assumed to be the same. 

In Fig. 3 let О Р be the vector of the effective value of the rotating 
field due to a current in the stator winding of effective value I, per 
phase. Let OD, be the effective value of the vector of the part of this 
rotating field which links the rotor windings. Let O D=OD), (1 +). 
Let OC and OC, be similar vectors for the rotor windings, and call 
OC=OC, (1+A,). Then OF will be the resultant vector of the 
rotating field cutting the stator windings, and O A, will be the vector of 
the total field cutting the rotor windings. 


м шч 


In what follows, the applied pressure at the stator terminals is con- 
sidered constant, and in the first place it will be assumed that the 
resistance of the stator winding is negligibly small. It is at once scen 
that the vector OE must be of constant magnitude. 

Now it is clear that the rotor current must be in phase with the 
actually existing rotor flux cutting the rotor winding, 1.е., in phase with 
ОА, According to the previqus argument, the vector of the stator 
current (О B, in Fig. 3) must be drawn 9o? in advance of OD, and the 
vector of the rotor current (О В, in Fig. 3) must be drawn at 9o? in 
advance of OC. Hence OA must be at right angles to OC. Now, 
since OE is of constant magnitude, and the angle EAO is 90°, the 
point A must move over a circle on O E as diameter. Further, since 
DE is proportional to E A (see below), it follows that D must move over 
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a circle whose diameter lies on О Е produced. The following relations 


then hold :— 
EA=DA—DE; 


D A/D, A, = O D/OD,; 


ic, DASDE(1 +2.) 90 реді LA) RA); 


" EA=DE([(1 -X)(1 +A,)— 1]. 
Hence the diameter of the circle over which D moves— 
= O E/[(1 +A) (1 +) — 1]. 


In Fig. 3 the vector O B, represents the current corresponding to the 
flux O E—i.e., the magnetising current. It is evident that the extremity 
of the vector of the stator current O B, must move over a circle whose 
centre lies on O B, produced, and whose diameter is— 


O BJ [(1 + Xj) (1 + As) — 1]; 


for the reluctance of the magnetic circuit is considered constant, and 
therefore the current is proportional to the flux which it produces. 

The torque of the motor is given by the product of the rotor current, 
and that component of the flux due to the stator current which is in 
phase with the rotor current. Hence the torque— 


= ОВ,.ОА, = ED.OA=B,B,.M B, = area of triangle B, B, M = * 
the height of the extremity of the current vector above the diameter of 
the circle. In Fig. 4 the current circle diagram is shown without the 
vectors of flux. The torque is represented by the distance B, N. 

Remembering that, for the present, the stator resistance is neglected, 
it is clear that the mechanical power developed by the motor is given by 
the input minus the I?R lossesin the rotor winding. If ОВ, represents 
the stator current, the ordinate B, N will represent the stator input, 
since the applied pressure is constant. The vector В, В, (1 + X) will 
represent the rotor current (reduced, of course, to the stator turns). 
Now in the similar triangles— 


B,B,N:B,MB,; 
B, N/B. B, = B, B;/B. M ; 
^. В.В, = B., М.В, M. 
But U N is proportional to В, N—i.e., to the square of the rotor current. 
When B, coincides with the short-circuit point Bs the whole of the 
stator input Bs R is the rotor I*R loss. Hence B, U is proportional to 


the stator input minus the ГК losses іп the rotor winding—i.e., B, U 
is proportional to the developed horse-power of the motor. 


* The sign = is used to indicate “ is proportional to.” 
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In order to obtain the representation of the slip on the circle 
diagram the following relationships may be noted: The torque 
exerted оп the rotor multiplied by the speed of the rotating field—z.e., 
by the synchronous speed—gives the power supplied to the rotor. The 
product of the torque and the rotor speed gives the mechanical power 
developed by the rotor. Hence the difference of the two, viz., the 
product of the torque and the rotor slip, gives the power lost in the 
rotor windings. Since the rotor iron losses are negligibly small 
(the slip being small) the rotor losses can be considered as purely 
ЈК losses. Hence— 


Torque x slip = rotor ІЗК 1055; 
therefore— 


UN 
Slip = constant B.N 


since the torque is represented by B, N. 


E ты... 


FIG. 4. 


Join M Bs and produce, and from any point Q in M Bs produced, draw 
QD at right angles to OM. Let C be the point of intersection of 
the lines Q Dand MB, The triangles M.C D and B, B, N are similar, 
and the triangles M Q D and U B, N are similar, therefore— 
UN. MD, CD. NE, 
NB DQ’ MD NB,’ 
. CD.NB,=>=UN.DQ; 
UN 


Ср=р0. 5N 


Hence C D is proportional to the slip. 
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In the practical case it is not sufficiently accurate to neglect the 
stator resistance in so far as the power is concerned, and it therefore 
becomes necessary to examine the influence of the stator resistance on 
the construction of the circle diagram, and on the torque, power, and 
slip lines. The stator resistance will still be assumed to be so small 
that the stator flux—i.e., the vector ОЕ in Fig. 3—remains constant, 
and consequently the vector diagram of Fig. 3 is unaltered. In Fig. 5 
let Bs be the short-circuit point, then BsR represents the power sup- 
plied to the motor at short circuit, and since the motor is at rest all the 
power supplied must be consumed in I?R losses and iron losses. The 
iron losses may be taken into account in the vector diagram by drawing 


Fic. 5. 


from O' a line O'O vertically downwards to a distance which repre- 
sents the current per phase necessary to supply the iron losses. The 
iron losses are assumed to be constant, and if the point O be taken as 
the origin for the stator current vectorsinstead of O', the circle diagram 
will give the total stator current per phase. 

The distance В5 К in Fig. 5 represents the I'R losses in the stator 
and rotor windings. Supposing the stator current vector is assumed to 
be given by B, B, instead of by О’ B,. It has been shown already that 
the distance B, М is proportional to B, B;. Therefore if Bs К repre- 
sent the total ІК losses at standstill, UN will represent the ГК 
losses when the stator current is O' B, (because it is assumed that 
O'B,—B,B,). The assumption involves the neglect of the ІК loss 
due to the magnetising current O' Bj. Hence for any point B, on the 
current circle, U N may be taken to represent the total I*R losses. The 
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distance B, N represents the total power supplied to the motor less the 
iron loss. The distance B, U will represent, therefore, the mechanical 
power developed. This will not represent the power available at the 
motor pulley, because the friction must be subtracted first. 

The torque is determined from the power supplied to the rotor, for 
it has been shown previously that the power supplied to the rotor is 
equal to the torque multiplied by the synchronous speed of the motor. 
The synchronous speed is, however, a constant quantity, and the torque 
is therefore proportional to the power supplied to the rotor. Suppose 
that the distance В; R is divided in the ratio of the stator resistance to 
the rotor resistance (reduced to the stator turns)—/.e., so that SR 
represents the stator resistance and S В» represents the rotor resist- 
ance. Then it is easy to see that for any point on the current circle 
U W will represent the rotor IPR losses, апа WN will represent the 
stator PR losses. Hence В, W represents the power supplied to the 
rotor—i.e., B, W represents the torque of the motor. 

To obtain the slip, let М В» be produced to any distance MQ, 
and from Q draw QD at right angles to B,S. Then the triangles 
В, УВ: М ОС are similar. Also the triangles MQD:UB,W are 
similar. Therefore— 


It has been stated already that the rotor I*R loss is given by the 
product of the torque and the slip—i.e, UW is proportional to the 
product of B,W and the slip. Therefore the slip is proportional to 


U W/B,W. But it has been shown that Ew yi is proportional to DC: 


Hence DC is proportional to the slip. 

An example of the use of this diagram will show what degree of 
accuracy may be expected. A test was made on an 8-В.Н.Р. 
3-phase induction motor. The test data were as follows :-- 


Open Circuit. 
The rotor running light with short-circuited windings. 


Е = 200 volts. 1, = 3°93 amperes per phase. 
COS ġo = 0'19. Frequency (v) == 5o cycles per second. 


Short Circuit. 


I, = 44:8 amperes per phase reduced to an applied pressure of 
200 volts. 
COS ф, = 0326. киы. = 50 cycles рег second. 
VoL. 48, 
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The friction loss was obtained by the well-known method of running 
the motor with various applied pressures, starting from a high value and 
gradually reducing pressure, and measuring the input to the stator. If 
this input (less the stator I*R loss) be plotted against the applied 
pressure, and the curve so obtained be produced backwards to the axis 
of power, the intercept will give the friction loss. The pulsation losses 
due to the stator and rotor teeth will be equivalent to an apparent 
increase of the friction loss. The pulsation loss will, however, be 
generally small, and need not therefore be taken into account. This 
loss can be found by the method given in a previous paper * by the 


author. 
=. 


Е 


Fic. 6. 


The iron loss іп the stator is obtained from the no-load input after 
subtracting the power for friction. 

Fig. 6 has been drawn from the above test data. From the point O 
the watt component of the no-load current representing the iron losses 
is drawn as atOO’. From О’ the magnetising current O' B, is drawn. 
The point B, of the circle diagram is thus obtained. From O the 
short-circuit current 44:8 amperes per phase is drawn, and this gives а 
second point Bs on the current circle. The centre of the circle lies on 
O' B, produced, and therefore the circle may now be dtawn. The line 
Bs R is divided in the ratio of stator resistance to the rotor resistance 
(reduced to the stator turns). The stator resistance was 072 ohm, and 
the reduced rotor resistance 0'78 ohm. ‘Therefore S R/S Bs = 0924. 
In general, the reduced rotor resistance is very nearly equal to the 
stator resistance, and it is therefore generally sufficient to bisect the 
line Bs R. 

* Elcctrician, vol. 59, p. 374, 1907. 
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In order to obtain the B.H.P. from the diagram an allowance must 
be made for friction. This may be done as follows: The current per 
phase necessary to overcome the friction is drawn from B, vertically 
upwards as shown in the Fig. 6. Тһе short-circuit point Bs is joined 
to F, and the line BsF is taken to represent the B.H.P. line. 

In Fig. 7 the B.H.P. has been plotted as abscissa, and the values of 
the stator current and the power factor have been plotted as ordinates. 
The full-line curves have been plotted from the circle diagram as shown 
in Fig. 6, and the points marked © were taken in ап actual B.H.P. test. 

As regards the agreement between the B.H.P. test figures and those 
deduced from the circle diagram, the following points should be noted. 
Although the theory assumes constant mutual flux, the diagram is drawn 
by means of the short-circuit and no-load points which are actual test 


data and are taken with constant terminal applied pressure ; hence the 
results must agree at these two points, and the error at intermediate 
points is consequently smaller than would be the case if the circle 
diagram had been actually calculated under the assumption óf constant 
mutual flux. Further, although the theory assumes that the IPR loss 
due to the magnetising current is negligibly small, this loss is not 
actually entirely neglected in drawing the diagram, for it is included 
in the no-load and short-circuit measurements, and the error is again 
smaller than would be the case if the diagram were calculated under 
the assumption of negligibly small magnetising current. 

The iron loss may reasonably be taken as approximately constant, 
since decrease of the rotor speed means decrease of mutual flux and 
decrease of stator iron loss, but increase of rotor iron loss. 


Mr. Carr. 
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DISCUSSION. 


Mr. L. Н. A. CARR: I should like to point out that Fig. 6 is prac- 
tically the same as the standard approximate diagram given by Arnold 
and others, except that Arnold has carried the construction further and 
obtained a slip line in a more convenient position, i.e., with the scale 
nearer the circumference of the circle at the working value of the 
current. To obtain Fig. 5 the author has made three assumptions, 
viz. : (1) Stator flux constant (negligible stator resistance) ; (2) iron losses 
constant ; (3) I*R loss due to magnetising component of current neg- 
ligible. While the second of these is approximately true, the other 
two assumptions are not justified in practice if it is desired to obtain a 
true diagram of the performance of the machine, particularly if it is a 


Scale of energy amperes. 


0 Scale of wattless amperes. 
Fic. А. 


small machine and has large (comparative) losses, or has many poles 
and hence high magnetising current. It 15 preferable to consider not 
the iron losses as constant, but the iron and friction losses, for then 
when the circle is constructed the friction torque at standstill is not 
indicated as useful torque on the diagram (as in the author’s figure). 
When stator resistance is taken into account the centre of the circle 
becomes shifted upwards away from the x-axis. This can be shown 
by drawing a circle for constant back E.M.F. (constant flux) and then 
adding a portion Ir for the stator resistance to obtain the total terminal 
volts. The current vector can then be reduced in the proportion of the 
two voltages and turned through the necessary angle to reduce it to 
constant terminal voltage. If this is done for a series of points on the 
circle, the new constant-voltage circle will be seen to be raised above 
the old constant-flux circle. This has been shown more fully and 
proved by Arnold and La Cour. Their practical rule for finding the 
centre is, for stator and rotor equivalent resistances nearly equal, to 
erect a perpendicular on the * running light" point and to bisect the 
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intercept between this point and the short-circuit current line. The Mr. Carr. 


centre would lie on an abscissa through this bisection point. Test 
results over a wide range of motors down to fan motors of fractional 
horse-power show close agreement with the circle obtained by this 
method. Not only because of the “running light” I?R loss, but also 
since the horizontal diameter does not pass through the “running 
light" point, the “straight line" method of obtaining the B.H.P. and 
torque lines does not give correct results, but the true lines of stator 
and rotor copper loss have to be calculated. This is quite easy, as the 
short-circuit losses being split up by marking off the stator copper 
losses (which are capable of fairly accurate determination) it is a 
simple slide-rule calculation to obtain the scale distance representing 
the loss proportional to the square of any given current line on the 
diagram. Fig. А shows from an actual test the shape these lines would 
assume. Consideration will show that in the case the author has dealt 
with, the facts that there was not a wide divergence between the no-load 
and short-circuit power factors, and that the magnetising was relatively 
small, tended to bring the centre of the true circle comparatively close 
to the author's approximations—and hence the agreement with his test 
results. However, to be of any practical utility the circle diagram must 
be constructed so as to represent correctly the case of every motor. A 
theory cannot be assumed to be proved because figures obtained by its 
use agree with practice in one particular case. 

Dr. S. P. ӛмітн: Whilst the author is to be congratulated on his 
novel suggestion for developing the circle diagram for the induction 
motor by means of the rotating field, I have unfortunately not been 
able to follow the argument in his convention for the representation of 
the vector of thisfield. Thuson page 499 it is stated, “ The vector of the 
rotating field will be drawn to coincide with the E.M.F. which it 
induces." But how could this be possible when the induced E.M.F. 
depends on the rate of variation of the field? Again, on page Sor it was 
stated that “the rotor current must be in phase with the actually existing 
rotor flux cutting the rotor winding." Surely this statement is liable to 
misinterpretation, for the rotor current is practically in phase with the 
induced pressure under normal conditions, whilst the pressure naturally 
lags 90° behind the flux inducing it. Similarly in Fig. т, unless this is 
intended to represent M.M.F.’s, it should be regarded as a fictitious flux 
diagram except at no load, when the conditions for the stator would be 
somewhat as shown. Of course, if the fictitious flux diagram for the 
stator is added to a corresponding fictitious flux diagram for the rotor 
the actual flux diagram for the machine will beobtained as the resultant. 
The diagram deduced by the author differs very little from that deve- 
loped by Ossana and used largely by Arnold as the no-load and short- 
circuit diagram. The use of circle diagrams for induction motors 
should not be over-estimated. Owing to the magnitude of pulsation 
losses and other uncertain quantities the simple Heyland diagram is 
sufficiently accurate for small motors. For larger motors above 50 H.P. 
a more accurate form might well be adopted, and close agreement 


Dr. Smith. 


Dr. Smith. 


Mr. 
Shearing. 


Dr. Coales. 
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between test results and calculation could be expected. In such 
diagrams it was of the highest importance that the scales should be 
made quite clear both in the description and the application. 

Mr. G. SHEARING (communicated): The vector diagram given by the 
author differs considerably from those of other writers on the same 
subject. He has utilised the vector of a rotating field, as represented 
by the flux cutting the conductors of one phase, to deduce the diagram. 
This gives a phase displacement of 9o? with respect to time for the 
rotating field and the current producing the field. It is due to this 
representation of the rotating field that the rotor current and the 
actually existing rotor flux are in phase with respect to time ; that they 
are in phase is hardly clear from the paper. The following considera- 
tions may help to explain this. The actually existing rotor flux may be 
regarded as due to the vector combination of part of the stator rotating 
field and the rotor rotating field. The stator rotating field induces an 
E.M.F.in the rotor in phase. The rotor current lags with respect to 
this E.M.F. and sets up the rotor rotatiug field which lags with respect 
to the rotor current by go. Combining these hypothetical stator and 
rotor rotating fields we get the actual rotor field. The maximum value 
of this flux will be cutting a given rotor conductor at practically the 
same instant as that for which the current in that conductor is a 
maximum. Thus according to the author's convention they are in 
phase. "The vector diagram is purely a time diagram in its phase 
relations. The circle diagram is obtained in a simple manner, and the 
above application of the rotating field vector seems to be new. 

Dr. J. D. Coates: I have read Mr. Wall's paper with much 
interest, as the method there given for working out the various proper- 
ties of the induction motor is simpler than, and preferable to, the more 
usual method in which two other circles are used for that purpose. Аз, 
however, he does not definitely show that the extremity of the current 
vector still moves on a circle, even when the stator has appreciable 
resistance and leakage, it may be of interest to show how this may 
be done by deducing the circle diagram from the well-known diagram 
of a transformer on short circuit. Fig. B is the diagram referred to. 
O M represents the induced E.M.F. in the secondary on short circuit ; 
ОМ is the ohmic drop component; NM the leakage E.M.F. com- 
ponent; OA the magnetising current; OE the back E.M.F. in 
the primary (assuming a 1/1 ratio); EF and FV the ohmic and 
leakage E.M.F.s in the primary excluding the corresponding 
negligibly small components produced by the magnetising cur- 
rent. Finally OV is the potential difference applied to the ter- 
minals of the primary. This diagram obviously also represents the 
conditions of each phase of an induction motor at standstill, and it 
is required to deduce from it the diagram for the running condition. 
First suppose that by suitably varying the applied potential differ- 
ence the back E.M.F. and working flux are kept constant at all loads. 
Then as the rotor runs up from slip = 1 to the smaller slip s the rotor 
E.M.F. changes from OM to s x OM —O M' and ON’ М’ represents 
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the new E.M.F. triangle of the rotor. Produce M'N' to cut the 
perpendicular OL in L. Then N’LO and N'O M' both reprcsent 
$a the new angle of lag in the rotor. 


Tan = 27 f L, s/R, = О M'O L =s. e[O L, 


where e is the induced E.M.F. in the rotor at standstill. From 
this it is seen that OL is a line of constant length, and since the angle 
at N' is a right angle the locus of N' is a semicircle. O N' is equal 
to R, L, and represents the rotor current to scale. At A draw AD 
parallel and proportional to O N', and to the same scale as the mag- 
netising current OA ; then the locus 
of D is a semicircle and D is the ex- 
tremity of the stator current vector 
OD. Draw AC parallel to O N, then 
OC is the vector representing the stator 
short-circuit current. The vectors 
such as A D represent the components 
of the stator current which carry the 
load on the motor, and, neglecting the 
magnetising current for the present, 
may be taken to represent the full stator 
currents. To show that the locus of 
the extremity D is still a circle when 
the stator potential difference is kept 
constant, and in spite of stator resist- 
ance and leakage it is first necessary 
to find the locus of the extremity of 
the applied potential difference when 
the back E.M.F. O E is constant. In 
Fig. B, OV is the applied potential 
difference, and EFV the impedance 
triangle of the stator at standstill, EF M 

being the ohmic drop and EV the Fic. B. 
impedance volts, which are propor- 

tional to the stator current, because the stator frequency is constant., 
E F is parallel and proportional to O N, and therefore, when the rotor 
runs up to speed, F moves round the circle G F E, while N moves round 
the circle L N O ; and since the triangle E F V is of constant shape, with 
the angle E V F constant and the side EV proportional to stator 
current V moves round the circle E V' V. "Thus the locus of the 
extremity of the applied potential difference O V is a circle, when 
the back E.M.F. OE is constant. In Fig. C, which isthe upper portion 
of Fig. B reproduced, E V' represents the stator impedance volts, and 
therefore also the stator current under a condition of running, O V' the 
applied potential difference, and O E the back E.M.F. Produce O E 
to O' and draw a tangent to the circle at O', namely O' Y. Let OV’ or 
OV’ produced cut the circle again at W. The angle of lag of the 
stator current behind the back E.M.F. O E is F' EO' (E F' being ohmic 


Thick lines indicate 
the transformer 
diagram қ 
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drop —EO'V'—EWYV'. The angle of lag ¢, of the stator current 


behind the applied potential difference, O V' is equal to the sum of the 


angles E W V' + EO V' ZW E O',and W E O' =W O' Y. Further, sup- 
pose the applied potential difference is in every case increased to the 
constant value ОО” then all the lines of the diagram will be increased 


Fic. C. 


in the same ratio without altering the phase relations. And this ratio 
will be OO'/O V'. Consider the triangles O EV’ and OW O'. These 
triangles are equiangular, апа O' W/E V' ==О ОО V', and therefore 
O' W represents to scale the value of the stator current when the 
applied potential difference is increased in the ratio OO'/O V'. It 
has been shown that the angle W O' Y is the angle of lag of the stator 


Fic. D. 


current behind the applied potential difference. Thus if O'Y repre- 
sents the phase of the applied potential: difference, then vectors such 
as O' W represent the stator currents in phase and magnitude, when 
the applied potential difference is represented to scale by O O', and the 
locus of the extremities of the stator currents is therefore the circle 
O'W E. Dythe same construction O' S now represents the short-circuit 
current, and Y O'S its angle of lag ; OS the back E.M.F. on short 
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circuit. O W represents the back E.M.F. with the stator current O' W. 
In order to construct the diagram with allowance for the magnetising 
current, proceed as in Fig. D, remembering that the magnetising 
current at short circuit is, roughly, half the magnetising current at no 
load, because it is proportional to the back E.M.F., and also that its 
extremity will describe a small circular arc between its extreme values 
similar to the arc E W O' (Fig. C). In Fig. D let K Y" represent the 
position of the applied potential difference. Set off K O' to represent 
the no-load magnetising current to scale at the appropriate angle of lag 
Y” KO’. Bisect KO’ in J. At J set off JS to represent the short- 
circuit current to scale at its angle of lag Y' |85. Join O'S, then O'S 
represents the current vector O'S in Fig. C. Describe the circle 
through O' and S with its centre on the line O' X perpendicular to O' Y. 
On ЈК describe an arc J2' К similar to S20’. Then we have ОК 
representing magnetising current, J S representing short-circuit current, 
and 2 2' representing the true stator current corresponding to a vector 
such as O'2, where 2' is a point on the arc, J 2' K having an arc distance 
|2” corresponding in proportion with the arc distance 82. It is gener- 
ally sufficient to take the magnetising current as being equal to the no- 
load current, but for greater accuracy it may be obtained from the no- 
load current by correcting it for the friction losses. The friction losses 
are obtained most easily from the following consideration : Slip S, at 
no load is proportional to torque T, due to friction. Apply a small 
mechanical torque T. Then the new slip S, is proportional to T + Ty; 
therefore 5,/5, (T + Т//Т, from which T, is calculated. The loss 
due to friction at no load is then 2 тл, Т, where n, is the speed at slip 
S, From this the current per phase due to friction can be calculated 
and subtracted vectorially from the no-load current to obtain the mag- 
netising current. 

Mr. T. F. WALL (in reply): With reference to the remarks of Mr. 
L. H. A. Carr as to-the assumptions made in deducing the diagram, I 
would call attention to the last two paragraphs of the paper. It is 
stated there that the error due to the assumptions made is less than 
would appear at first sight, owing to the fact that the circle diagram is 
drawn through the two actual test-points. As an old student of the late 
Professor E. Arnold, I fully appreciate the methods employed by him 
and his collaborators in developing the circle diagram for the induction 
motor. At the same time, it cannot be denied that Professor Arnold's 
methods are not easily understood. So far as the circle is concerned, 
there are two points which must be the same for both methods, viz., 
the experimentally obtained no-load and short-circuit points, the 
difference lying in a slight relative displacement of the centre of the 
circle. The motor referred to in the paper was an 8-B.H.P., 6-pole 
machine, and was used because it was the first available for the test. 
Professor Arnold’s approximate construction referred to by Mr. Carr 
would be found to give a circle practically coincident with that of 
Fig.6 of the paper. There is, however, another point which should 
be noticed, and that is the influence of saturation of the magnetic 
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circuit. Professor Arnold assumed that the iron had constant per- 
meability, and modern motors are certainly not worked below the 
saturation-point. It was then hardly logical to insist on extreme 
accuracy in one direction if there may be, comparatively speak- 
ing, considerable error in another. If Mr. Carr is not satisfied 
that the test figures given are sufficient evidence of the accuracy of 
the circle diagram, I would like to see curves deduced similar to that of 
Fig. 7, and thus ascertain what discrepancy might be expected in those 
cases which Mr. Carr considers to be doubtful. Referring to Dr. 
Smith's remarks, it is surprising that the statement contained in his 
first quotation is not obvious. If a conductor is cut by a steady and 
uniformly rotating field, the E.M.F. induced in that conductor is at 
every instant proportional to the field cutting the conductor at that 
instant. The reason why I chose the E.M.F. to represent the flux 
vector, instead of dealing with the field itself, is because the E.M.F. 
induced by the rotating field takes the direction of rotation of the field 
into account. This method of representing the rotating field seems to 
me to be a perfectly natural one. A full appreciation of these points 
should clear away the difficulty found in understanding the second 
quotation. Тһе reference to Fig. 1 seems to show that Dr. Smith is 
not very familiar with the superposition method of dealing with 
magnetic problems. Fig. r shows diagrammatically the rotating 
field which would be established by a 3-phase current in the 
stator winding, if the rotor winding were carrying no current. With 
regard to the scales of the diagram, it should be noted that in Fig. 5 
B, U represents the watt component of the current per phase corre- 
sponding to the developed horse-power, i.e. the applied volts per 
phase x current B, U x No. of phases ~ 746 gives the horse-power which 
В, U represents. Again В, W represents the watt component of the 
current per phase corresponding to the power transferred to the rotor, 
i.e., the applied volts per phase х current B, № x No. of phases = 
torque x synchronous speed in radians per second. The torque 
obtained from this relation is represented by the line B, W. I have 
been much interested in the proof given by Dr. Coales that the current 
diagram is still a circle, for the case in which the stator applied 
pressure is maintained constant, and only the pressure drop due to the: 
magnetising current is neglected. If Dr. Coales would carry the proof 
a step further, and show that the current diagram is also a circle 
when the pressure drop due to the magnetising current is taken into 
account, and the point 2' in Fig. D becomes a fixed point, it would 
add still further to the value of this solution. 
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DYNAMOMETER AMPEREMETERS AND VOLT- 
METERS. 


By J. L. D. RIDSDALE, Student. 


(Reccived 30th October, 1911, and received in final form 16th Fanuary, 1912.) 


Although the theory of the dynamometer wattmeter has been very 
fully investigated, very little attention appears to have been paid to the 
question of the dynamometer amperemeter and voltmeter. This is no 
doubt largely due to the fact that it is generally considered to be a 
comparatively easy matter to design an accurate instrument for the 
measurement of current or voltage. Yet in the case of an ampere- 
meter, at any rate, there are certain points which need very careful 
attention, if it is desired to produce an instrument that shall be accurate 
under all conditions met with in practice. 

It may be stated at the outset that the two great difficulties that 
confront the designer are the elimination of frequency and temperature 
errors: and in this paper it is proposed to show how the errors due to 
these factors can be reduced to a negligible amount. 


1. DYNAMOMETER AMPEREMETERS. 


The simplest and most accurate form of amperemeter is that in 
which the fixed and moving coils are placed in series, and the whole 
current taken through both. There is then no temperature error, and 
providing eddy currents are absent, the instrument will be equally 
accurate whether used on continuous-current or alternating-current 
circuits. 

Such a method of connecting up the coils is employed in the well- 
known Siemens dynamometer, so largely used as a sub-standard. But 
for ordinary deflexional instruments this simple series connection 
cannot be used with currents above, say, 1 ampere, owing to the 
limitations set by the springs leading the current in and out of the 
moving coil. 

It therefore becomes necessary to consider what are the possible 
means of increasing the range of the instrument. The most obvious 
method of doing this is to “shunt” the instrument, as shown in the 
diagram (Fig. 1). In such a case, of course, a certain amount of non- 
inductive resistance would be placed in series with the coils for the 
purpose of reducing the temperature and frequency errors. It is, how- 
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ever, difficult to render these negligible, and in any case such a method 
entails a considerable “drop” over the shunt, which means that for 
heavy currents the shunts will be large and expensive. The use of 
shunts, however, has one advantage in that only one instrument is 
required for any number of ranges. 

In order to bring out the above points more clearly, it will be well 
to consider a specific example. Take the case of an instrument, which 
normally gives full-scale deflexion with 1 ampere through its fixed and 
moving coils, and suppose it is desircd to increase its range to тоо 
amperes. 

In a particular instrument the fixed coil was wound with roo turns 
of wire, resistance o'15 ohm, and the moving coil with 30 turns, the 
resistance of which, with the springs, was o'18 ohm. Hence the total 
resistance of the two coils in series is 0°33 ohm. If now it is desired 
to use this instrument with a shunt, it will be necessary to include in 
series with the coils some non-inductive resistance having a negligible 


001 
Coils Non-inductive 
resistance 


FIG. I. 


temperature coefficient. The total resistance can conveniently be 
made т ohm. There will then be required 1 volt drop across the 
shunt. 

Since the copper is } of the total resistance, the temperature error 
will be o'14 per cent. per ° C. rise. 

In order to determine the frequency error, we requirc to know the 
time constant of the instrument. The self-induction of the fixed coil 
is o'25 millihenry, and of the moving coil 0'026 millihenry, giving а 
total inductance of 0:276 millihenry. The total resistance of the 
instrument, apart from the shunt, is 1 ohm, and hence the time 
2:76 


104 


constant is seconds. Assuming for the moment that the shunt 


is non-inductive, its time constant will be zero. Let M be the multiply- 
ing power of the shunt for continuous currents and М” for alternating 
currents, then as has been shown by Dr. C. V. Drysdale *— 


М'= E ee) T: P 


where T is the time constant of the instrument and f is 6°28 X fre- 
quency, as usual. 


* Philosophical Magazine, vol. 16, p. 138,11908 
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In the case under consideration— 


T = 279 seconds, апа M = 100; 
IO* 

hence on a 50-frequency circuit M' — 1:0037 M, that is, the instrument 
will read 0°37 per cent. low if calibrated on a continuous-current 
circuit. In the same way on a 100-frequency circuit the error will be 
nearly rj per cent. This example clearly shows that shunting an 
amperemeter in this way may introduce considerable frequency and 
temperature errors, far beyond what would be permissible in a 
laboratory standard instrument. The only remedy—other than using 
an excessive volt drop—is to make the time constant of the shunt equal 
to that of the instrument. This is, however, difficult to carry out in 
practice. 

If, however, the connections, as shown in Fig. 1, are slightly 
modified, the moving coil only being shunted, and the fixed coil 


f 2 
2; 4$ She 
ММ 
/ ” 
/ \ 
Mm : 
El M 
^ Fg 
R \ S. 2 
I г, 4 NOX ы 
! ! 
—— ОЁ алама сыл) Б 
| 
FIG. 2. 


carrying the whole of the current, it is possible to produce an ampere- 
meter which will read with equal accuracy whether used on continuous- 
or alternating-current circuits. 

This method of connecting the coils is shown diagrammatically in 
Fig. 2. 

In order to find the effects of frequency and wave-form on an 
instrument connected up in accordance with the above diagram, we 
proceed in the following way :— 

Let— 


E = “drop” over the shunt, which will be assumed to have 
negligible self-induction. 

R = the resistance of the shunt, and r the total resistance of 
the moving coil circuit. 

1 =the self-induction of the moving coil, and M=the 
coefficient of mutual induction between the fixed 
and moving coils. 


Adopting the Steinmetz notation we have— 


E=i,(r+j7pl) +jpMI, 
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where 7, is the current through the moving coil, I the main current, 
and p=6'28 x frequency, whence— 


pee E—jpMI 
407 o r+jpl ` 
The current through the shunt is given by— 


nc R 
Hence— 

ku алы E TERME. 
+1=1= РАЈ ; 
from which we derive— 


Ex] ТУЫ +j Mpg 
R+r+jp/ 


R, 


but— 
E—jpMI 
r+jpl ` 


"EL 


Substituting for E we have— 


I (rt+ipl+jpM)R_, 
ЕРІМ R+rtipl м) 


1. = 


which reduces to— ; 
L=Í. R-jpM_ 
R+r+j pl 


rationalising— 


_;R(R+N—PMpl—j[PM(R+7) + PIR] 
(+ + PF 


Hence if A is the angle between I and :,— 


PM(R+7+ PIR 
tan A= RR E) —£ Mr 


cos А = EFI —RMhBI 
AKR* + Р? M» (К +” + pF) 


Multiplying the expression for i, by I we have— 


R(R+7)—pM pl—j[pM(R+7 - ?!R] 


= 
t (КФ pP 


Converting to “real” form, after some reduction we get— 


R2 + ғ M? 


11, == 1° ae age 
| (К+ t+ PP 
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Непсе-- 
p (К+ —2M$I 
(RAPPRE 


R t —+ (R)? (RF) 


CORE че ет» 
r 


I 15 cos А = 


Let— 


then— 


Іі, cos А =I?, Ri, 5 Pr 


R Ё or | 

Now R, the resistance of the shunt, will only be a small fraction 
of r, say 5 per cent. even for currents as low as 5 amperes. 

Hence we may say, without serious error, that T is the time 
constant of the moving coil circuit. 

With regard to the mutual induction, it is to be noticed that this 
varies with the angular position of the moving coil: at the middle of 
the scale, where the coils are at right angles, M will vanish, and at 
either end of the scale M will have a maximum value. It is this value 
of M that must be used in determining the frequency error. 

When used with continuous current the torque is proportional to 
the product of the shunt coil current, and the field in which it moves, 
or more correctly the component of this field parallel to the plane of 
the coil. If we neglect the disturbing effect of the shunt coil field, 
which will in any case be very small, and moreover vary with the 
position of the coil, the field in which the moving coil swings is pro- 
portional to I, the main current. The shunt coil current is equal to 

R 


RF? I. Hence the torque when used with continuous current is 
given by— 
, R 
do = k, I R + r 


where k, depends оп the angular position of the moving coil. 
Again, with the same assumptions as before, and in addition assum- 
ing the absence of eddy currents, the torque when used with alternat- 
ing current is given by— 
Т, = k, I i соѕ А 


md R B r Ё RW 1 


Let I’ be the alternating current which produces the same torque 
as a continuous-current I, then we have— 


r= TAE : 
I1—pM/RpPT 
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This equation can be written in the form— 


l'2I(r-ifPT)(-EAMR.AT) 
or— 


V=I[1 +h pT(p.M/R+/7)]. 


Hence if the instrument is calibrated with continuous current, the 

percentage error when used with alternating current will be— 
оо? T (& MIR + $T). 

The coefficient M can be expressed in terms of L, the self-induction 
of the fixed coil. 

The E.M.F. of self-induction in the fixed coil is Р LI. If now all 
the flux of the fixed coil were interlinked with the moving coil, the 
E.M.F. induced therein would be— 


n; 
PLI P 
where л, and п, are the turns on the fixed and moving coils 
respectively. 
As a matter of fact, however, only a small part of the flux of the 
fixed coil is interlinked with the moving coil, and hence we may 
say that the E.M.F. actually induced therein is— 


"n, 
n, 


ЖАЯ 


where & varies with the position of the moving coil. Hence we 
have— 


pMI=kpLi™ 

whence— т 
pM І, п, 
R = п, 


Now К, the resistance of the shunt, is very nearly equal (о E/I, since 
only a very small fraction of the whole current passes through the 
moving coil. Substituting this value for R in the above equation, 
we get— 


But— 


where F is the total flux of the fixed coil. 
Hence we have finally— 


pM _ п. os 
R = КЕ, f. р 10 ; 
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For any particular line of instruments, all the factors contained 
in the expression on the right-hand side of the last equation should 
be constant whatever the value of the current I. For it should always 
be endeavoured to work with the same ampere-turns on the fixed 
coil and the same shunt drop, which means that F, E, and n, would 
be the same in all cases. The value of & was determined, once and 
for all, by means of a ballistic galvanometer. It was found that with 
the planes of the fixed and moving coils inclined at 45°—this being the 
relative position of the coils at either end of the scale—the value of 
k was o'165. It may be mentioned here that tests were also made 
to determine how much of the flux of the moving coil was interlinked 
with the turns of the fixed coil. It was found that even at the extreme 
ends of the scale this was such a small percentage as to be negligible. 
It may be said, therefore, that the moving coil produces only a self- 
inductive effect and has no influence on the mutual induction. 

Returning now to the expression— 


Per cent. error — 100 et (P M/R + pT) 


we can substitute the known values of the various terms contained 
in the above expression and hence deduce the frequency error. 

In a particular instrument it was found that r= 4 ohms, /=0'03 
millihenry, 2, = 324, Е = 1,000 C.G.S. lines, and E = 1 volt. Hence— 


па 


МІК--ЕЕ кї = 165 X 325 X 10°% 


= 5°36 1075. 


од 
Hence at а frequency of тоо, per cent. error = igo, 98Y 001 per cent. 


This result is entirely in accordance with the observed facts ; for 
careful tests made on instruments having the same electrical data 
as given above failed to show any appreciable error due to varying 
frequency. 

Up to the present the existence of pure sine waves has been tacitly 
assumed, but the previous results can easily be extended to include the 
case of any wave-form. 

We have seen that the torque due to a current whose virtual value is 
I, and which varies harmonically with time, is given by— 


R 1—pTpM/R 
К-ға, 
which may Бе written— 
1-? Т.РМ/К 


Tc. I FPT C 


VoL. 48. 
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If now we consider the case of a current wave of any shape what- 
ever, this being resolved into a fundamental wave, and a number of 
harmonics, each harmonic will produce its own component of thé total 
torque, but, as is well known, the various harmonics will not com- 
bine to produce any torque one with another. The total torque will 
consequently be represented by a series of terms similar to the above 
expression, suitable values of I and $ being introduced. The general 
term giving the torque due to the nth harmonic will be— 


1—npT.nfpM/R 


То = с.1? I + 1? р Т" 


where I, is the virtual value of the nth harmonic. In order to 
simplify the investigation of the effects of wave-form we shall consider 
the two extreme cases of a rectangular wave and a triangular wave. 
The instantaneous value of the former is given by the equation— 


i= Í (Lsina + 1, зіпза + & I, singa +...) 
the nth harmonic will be 


4 ү 
-+ I sin па, 
тп 


where І, is the maximum value of the current wave. But for а 
rectangular wave the maximum value I,, is the same as the virtual 
value I: hence the nth harmonic becomes— 


4. Isin na. 
тп 


The maximum value of this harmonic is obviously 3-1 and the virtual 


value LE 
тп J/2 
1.6.— 
1-2 V? I 
тп 
and— 
ІЗ = оі 8 
п 


Hence for а rectangular wave the total torque is given Бу-- 


"m a (L—PT.PM/R) | r(1—95T.P MIR 
T, 2o&ici(( pepe т “) a I+ pf? T? ) 


tas (ет) +] 
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Hence as before— 


= I ! 


à a І мет а, ПТ... 

МЛ m) ATAMR( Duque гората) 

If we put T =o and evaluate the expression under the square root sign, 
we have up to n = 21— 


М І 
0'99073' 
which is within r рег cent. of the final value. 


Substituting the values of f Т, апа M/R, and taking the funda- 
mental frequency as 100 we get— 


тр 
098993” 
а result which differs from the last by only 8 parts in 10,000, 1.е., the 
error on а flat-topped wave will be rather less than үу of 1 per cent. 
Taking next the case of the triangular wave, the instantaneous valuc 
is given by— 


_ 8 Қ La Is г. ) 
= m (In па Hsin 3 a + зз sin 5a... 


the sth harmonic is— 


8 Ез 
= Im (— 1) 


Im, as before, being the maximum value of the current wave. Remem- 
bering that the virtual value I = I,,/,/3 it is easily seen that the virtual 
value of the nth harmonic is given by— 


8 = 
«на» — ~ 3 
І, п? п? we I, 


or— 


[? 
I, = 0'9855 n , 


whence the total torque for this case is given by— 


a 2 E кы ” ЖР ТЕ ee ° re T ... 
ооз е: 3° 1+97°T т 5 rT25f'l* m ) 
I I I I I 
—PT.pMIR(— mt; r+9.pl "25 LE 25? T ғ.) 
whence— 
'=I lr REL! 


оо ( ЖЕТЕР у с К. E cJ pid. ce 
М (тект + 35 ipm t) PTPR ot рор + ) 
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If T =0 this reduces to— 


= ж.р 
0799999 
neglecting terms beyond the 11th harmonic. Оп substituting the 
values of р T and ? M/R, the equation becomes— 


=I 
о о 
1.е., the error is about 1 part іп 10,000. 

It can be concluded, therefore, that the effect of wave-form is 
negligibly small, the greatest error being produced by a flat wave and 
the least by a peaked wave-form. 

In the formula for the torque due to the nth harmonic— 


I1—npT.nfM/R 


жал 2 
Ten =I $ I + n? p? T? 


it is to be noticed that if— 
— I, 


or inserting the value of T — if— 


EET 
npM.npl=R(R+ 2), 


the torque vanishes. 

This is easily explained by reference to the formula for the tangent 
of the angle between the two current components of the torque. This 
has already been found to be— 


npM(R+rn+2plR 


ап А рро Мар] 


{ог the nth harmonic. 


Hence if R (R + 7) =2pM.npl— 
tanA = о or Acz9o. 


If the value of np exceeds that determined by the above equation the 
torque is reversed in sign, 1.е., any very high harmonics will produce а 
negative torque. 
We next consider briefly the temperature error. 
At the temperature at which the instrument is calibrated the torque 
is given by— 
R 


Т, hg 


R, the resistance of the shunt, has no temperature coefficient, but r will 
have an equivalent coefficient a. 
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Hence for a rise of f° Cent. the torque is given by 


"чэ, .. бүз R қ 
le =h, P RET Fah 


A current I’ will be required to make T; = T,, and obviously— 


TM Ra r(IcaD | I r 
лс tat =1(1 +3 суа!) 


Аз R is always very small compared to 7, it will be sufficiently accurate 
to say that — 


Г--І(і-Һ4а?), 
i.€.— 


Per cent. error = $ 100 a 1. 


The virtual temperature coefficient of the moving coil circuit is 
given by— 
az 1% 9 
T, c ntr 


wherc— 
r, — resistance of moving coil. 
7, = resistance of springs. 
r, = non-inductive resistance. 
a, — temperature coefficient of moving coil. 
a, — temperature coefficient of springs. 


It is well known that a will be a minimum when— 


PES А 
2 E a, 
In an actual case— 
r, — 0'18 ohm. 
r= 032: 3 
r,— y5 ohms. 


The temperature coefficient of low-resistance silicon-bronze springs, 
such as would be used for an amperemeter of this description, is 0002, 
or about half that of copper, which we may take as о'004. 

Inserting these values— 


a — 0'00034. 


Hence for a rise in temperature of ro? C. the error will be about 
i of 1 per cent. 

It is evident, therefore, that a dynamometer amperemeter соп- 
structed on the lines indicated, can be rendered almost entirely free 
from frequency errors and tolerably free from temperature errors, 
with a “drop” over the shunt not exceeding 1 volt. 
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2. DYNAMOMETER VOLTMETERS. 


The design of an accurate dynamometer voltmeter is a much 
simpler matter than the case of an amperemeter. In fact, if a relatively 
large power consumption is no objection, the problem presents no 
very great difficulties. 

In the voltmeter, the moving and fixed coils are almost universally 
joined in series, together with a sufficient amount of non-inductive 
resistance to render the frequency and temperature errors negligible. 

If R is the total resistance, L the sum of the self-induction of the 
fixed and moving coils, and M the mutual induction, then— 


E=i(R+jpL+ipM), 


where E is the applied voltage and i the current passing through the 
coils. 

Since the torque will be proportional to :? under the same assump- 
tions as before, we at once find the ratio of the voltages required to 
produce the same torque on alternating current as on continuous 


current to be— 
RFP (L + М, 
Е? 


which— 
=1 + {°Т° very nearly, 


where— 
L+M 
R 


Take the case of а 150-volt instrument. 

The fixed coil is wound with 2,000 turns and has a self-induction 
of 100 millihenries, and the moving coil with 300 turns self-induction 
2:6 millihenries. It has already been shown that— 

M=kL, 


п; 


Т = ‚Һе time-constant of the instrument. 


the value of k being = 0'165. 
Substituting we have— 


М = 2:32 millihenries. 
Hence— | 
L + M = 104'92 millihenries = о"105 henry (say). 


The total resistance of the instrument is 2,000 ohms. Hence— 


= 
„_— —  — Ф 


Hence at a frequency of roo the percentage error— 


ziroof?T*? 
= Ду of 1 per cent. approximately. 


It is seen from the foregoing example that the mutual induction in 
voltmeters produces very much less effect than in amperemeters. The 
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question of temperature error is so simple that it need not be con- 
sidered here. 

Up to the present we have considered only in detail the question 
of indicating instruments, in which the working forces required are 
comparatively small. In the case of recording instruments, however, 
where the pen records directly on the chart—as distinct from the 
“tapper” type—much larger working forces are necessary in order 
that pen friction may not affect the accuracy of the instrument. 

Where dynamometer recording amperemeters are employed on 
alternating-current circuits it is the universal practice to use current 
transformers with a 5-ampere instrument. The design of an instru- 
ment for this current on the same lines as adopted for indicating in- 
struments (see Fig. 2) is a matter of no great difficulty. It is a fairly 
easy matter to produce an instrument which will have ample control, 


FIG. 3. 


and which at the same time will be correct on all frequencies to 
within some % per cent., a degree of accuracy which is generally suffi- 
cient for recorders. It may be objected that such an instrument is 
not ‘universal,’ in that it cannot be used on continuous-current 
circuits. In answer to this objection, however, it may be stated that 
a recording amperemeter for use both on continuous- and alternating- 
current circuits is very seldom called for. 

The case of recording voltmeters, however, is different, for such 
an instrument is very frequently required both for continuous-current 
and alternating-current circuits. Hence it is necessary to look into the 
question of accuracy somewhat more in detail. 

Owing to the fact that large working forces are essential, it is im- 
possible to reduce the time constant of the instrument to a negligible 
value. This means that there will be appreciable frequency errors 
unless steps be taken to minimise the effects of self-induction. In 
practice this is effected by the use of a condenser either in parallel 
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with the coils of the instrument, or in parallel with the non-inductive 
resistance. 

Consider first the case in which the condenser is placed in parallel 
with the non-inductive resistance. 

In the diagram Fig. 3, C represents the condenser, R the non-induc- 
tive resistance, and 7 and r the self-induction and resistance of the coils. 
We shall neglect any effect due to mutual induction, as this will be 
very small owing to the fact that in a recorder the coils are never more 
than some r5? out of the right-angle position. 

The total impedance of the recorder is obviously given by— 

Z=r+jplt Yes 
рЕ??С 


Putting this into real form, we get after some reduction— 


R?+2Rr—2pf?RIC 
I + р C? R? 


Z =r? + pf? +} 


If the instrument is to read correctly on alternating-current and on 
continuous-current circuits, the impedance Z must be numerically 
equal to (К + r), t.e.— 


R? +2KRr—2 № R 1С 


p72? —2Rr—R*+ 1+ pC К? -must == О. 
This equation may be written— 
Се — 21 TONS PP із 


C je bP—2Rr—R?' I'e(py  —2WRr— R?) 


Solving for C we have— 


1 12 Ку К 
РРР RR ENS E SUO dod mi. 
E EN R: ) 


This may be written іп the form— 


C= 2 DIC I+- Lm — 1 J farads, 


where R,= total resistance of instrument, and Z, =the impedance of 
the coils only. 

For all ordinary frequencies R, will be greater than Z,, and hence 
C will have one positive value and one negative value. The latter 
value of C is of theoretical interest only ; its meaning is easily arrived 
at. For if in Fig. 3 the condenser С were replaced by a choking coil 
L, having no resistance, the total impedance would again be given by 
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the formula already found, by substituting —1/p L for pC. Тһе nega- 
tive value of C, then, is equivalent to a self-induction L, whose value is 


given by re It need hardly be pointed out that “compensating” а 


recorder by placing a choking coil in parallel with the non-inductive 
resistance is not a method that could be employed in practice. For 
on continuous-current circuits the choking coil would, of course, 
short circuit the resistance R. In an actual recorder wound for a 
220-volt circuit, the constants were as follows: /=0'88 henry, 
К == 2,200 ohms, and r= 480 ohms. Inserting these values іп the 
above formula for C we get— 


For a frequency of тоо, C = 0'0716 microfarad. 
» » 50, C = 0'071 » 
» » 25, C = 0071 » 


We see therefore that the same value of C will, for all practical 
purposes, compensate for the self-induction of the coils whatever the 
frequency. It may be stated that, on test, a capacity of 0:075 micro- 
farad was required to eliminate frequency errors. 

For а 110-volt recorder the constants were: /=0'22 henry, 
К = боо ohms, and r=100 ohms. Inserting these values in the 
formula, the values of C for frequencies varying from 25 to 100 are— 


For a frequency of тоо, C = 0'244 microfarad. 
n » 50, С = 0'242 » 
» » 25, C— 02418 , 


Incidentally these results verify a point which is amply borne out in 
practice, namely, that the lower the voltage the more difficult it is to 
compensate. In fact, for voltages below тоо it is practically impossible 
to render a recorder free from frequency crrors. 

It will be interesting to draw a vector diagram for the case of the 
220-volt instrument cited above. It will then be seen at once how a 
condenser or choking coil in parallel with the non-inductive resistance 
will compensate for the self-induction of the coils. The current 
through the coils of the instrument, when * compensated," having thc 
same value on continuous- and alternating-current circuits, is equal to 

220 — | -08 
2200 + 4% amperes—i.e., is equal to 070821 ampere. 

The voltage across the condenser is given by-— 

ae iR 
VI + p? СК 


i being the total current—i.e., i = 0°0821 ampere. 
The value of C as found is оо716 microfarad and — 0'337 micro- 
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farad, R= 2,200 ohms. Inserting these values we get e= 179°5 volts 
and 163°8 volts, taking the frequency as тоо. 

The magnitude and direction of the current through the resistance 
К сап now be obtained. This fixes the magnitude and direction of 
the vector representing the voltage e. 

The drop over the coils of the instrument is equal to i ./r? + p? F. 
Inserting the values of rand /, and remembering that i= 0:0821 am- 
реге, we find this “drop” to be бо volts on a 100-frequency circuit, 
and it will lead the current by an angle ф, such that tan ф = f //7, which 


EZ-220 
volls 
ғ 
“ 
Ы 
S 
“ 
ғ 
«220 % 
voles ы NS 
>< €2729.5 
S wh 
“ 
v 
v 
ғ 
v 
€ *763-.8 
voles 
4ғбгу та. . 
Lae ы 6.7676 та. 
Pd “= B E 
1-94 та 
60 voles 
te #346524. 
t 76-0y ma. 
FIG. 4. 


gives ф = 49°. The vector sum of this voltage and the “drop” over 
the resistance R is equal to the voltage applied to the terminals of the 
instrument, which on reference to the diagram Fig. 4 will be seen to be 
equal to 220 volts for both the values of C given above. 

Consider next the case of the condenser in parallel with the coils of 
the instrument. This arrangement is shown diagrammatically in 
Fig. 5. 

We require to find the current i passing through the coils in terms 
of the applied voltage E. | 
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The combined impedance of / and r in parallel with C is given by— 


I 


2ізш- ree 
ЕС 5С 
r+jpl к/ф 
The total impedance Z is given by— 
2= 72, +R. 
Also— 
е-2, хі, апа i, = EJZ. 
Непсе-- 
Z Zi 
ешЕ 2 = E А Z. +R 


The current i is therefore given by— 


jee (Os) [t 

B (z + R) руя). 

Substituting for 2, and converting into real form, we get after some 
reduction— 


E? = 2° (К*.}° Сёт° + (1 р С) + БР +2R7). 


FIG. 5. 


Now if the instrument is to read correctly on continuous- and alter- 
nating-current circuits— 


Кр Сз уа 4 (1 — 2°С1)#-+ ++ 2 Кт must=(R+ ғ)? 


or— 
pf? С?т R? — 2 р R?C1 + С° 1 R + ра P = о. 


Rearranging this we get — 


l P 


C-?6.nblpptiprpPPPRC 9: 
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Solving for C gives— 


E 214 ads 
C= т >( І ENA - г) багаа 


For all ordinary frequencies ° + f?/^ will be less than К°, and 
hence the above equation will give two positive values for C. 

For the previously mentioned 220-volt recorder, the values of C as 
obtained from the formula are :— 


For a frequency of тоо, C = 00936 microfarad and 3°2 microfarads, 
Т n 50, C = 07092 ” » 504 n 
» » 25, С = 070918 » » 697 » 


and for the 110-volt instrument— 


For a frequency of 100, C =0'312 microfarad апа 14:8 microfarads, 
Т ? 50, C = 0731 » » 205 » 
n " 25, C = 0'308 » » 390 » 


As showing how nearly these results agree with practice, it may be 
stated that a capacity of o'1 microfarad was required to compensate 
the 220-volt instrument, and 0:3 microfarad to compensate the 110- 
volt instrument. Moreover, оп a 1oo-frequency circuit a capacity of 
3'2 microfarads accurately compensated the 220-volt instrument. 

It may seem strange at first sight that there are two values of C 
which will destroy the effects of the self-induction of the coils. The 
reason for this, however, is clearly seen on referring to the vector 
diagram Fig. 6 which has been drawn for the case of the 220-volt 
recorder on a 100-frequency circuit. 

In this case, as before, the current through the coils has to be 
o'0821 ampere when 220 volts are applied to the terminals of the 
instrument. The "drop" over the coils is therefore 60 volts, leading 
the current by 49% The values of the capacity required to compensate 
are 0'0936 microfarad and 3:2 microfarads. Hence the condenser 
currents аге 3:525 milliamperes and 120°5 milliamperes respectively. 
Combining these with the current passing through the coils, we get the 
total current through the non-inductive resistance R. Thus the drop 
over this is fixed in magnitude and direction, and by adding the drop 
over the coils we arrive at the terminal voltage, which is seen to be 
220 volts in both cases. 

In conclusion, then, it may be said that the dynamometer forms a 
valuable sub-standard for laboratory work, whether as ampcremeter, 
voltmeter, or wattmeter. In fact, of the various types of instrument 
suitable for use on both continuous-current and alternating-current 
circuits this undoubtedly can be made to give the most accurate 
results. 

For recording voltmeters the dynamometer is far superior to 
the soft-iron instrument, the only other class of instrument which 
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can be adopted for recorders and which is, at the same time, suitable 
for continuous- and alternating-current circuits. For recording amperc- 
meters, on the other hand, as has been pointed out, the dynamometer 
cannot be well adopted where a universal instrument is required, as the 
shunt drop would be very excessive. In this particular instance, the 
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soft-iron instrument, no doubt, has the advantage. For such an instru- 
ment can easily be wound to carry currents up to 500 amperes, and if 
care is taken to laminate the winding, and at the same time to reduce 
eddy current and hysteresis loss in the iron, a fair degree of accuracy 
will be maintained both on continuous- and alternating-current circuits. 


534 ROSENBAUM : HYSTERESIS LOSS ІМ IRON. 


HYSTERESIS LOSS IN IRON TAKEN THROUGH 


UNSYMMETRICAL CYCLES OF CONSTANT 
AMPLITUDE. 


By M. ROSENBAUM, B.Sc., Associate Member. 


(Received 16th December, 1911 ; received in final form, 19th Sanuary, 1912.) 


The following experiments were undertaken with a view of ascer- 
taining how the iron losses of a static transformer vary, due to the 
superposition of direct-current magnetisation on the alternating flux. 


The change of flux over a cycle was maintained constant throughout 
the experiment. 

Experimenters have usually confined their attention to the effect on 
the hysteresis loss of constant change of magnetising current,* and 
very little has been done with constant change of magnetic flux, a case 
which frequently appears in practice. 

Dr. Coales | has proceeded along lines similar to those in the 
present paper, but has not investigated the effect on the hysteresis 
loss due to the different cyclic changes. 


* Philosophical Transactions of the Royal Socicty, vol. 184, p . 985, 


1893. 
+ “Ona Method of using Transformers as Choking Coils,” Fournal of the Institu- 
lion of Electrical Engineers, vol. 42, p. 412, 1908. 
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The transformer tested was a }-k.w. core transformer, the primary 
of which consisted of two windings, each of 128 turns, while the 
secondary consisted of eight separate windings each of 25 turns. The 
core of the transformer consisted of 325 stampings of dimensions as 
shown in Fig. 1, the mean thickness of each plate being 14 mils. The 
total cross-section of iron in the magnetic circuit was 36°8 sq. cm., 
while the mean length of the magnetic path was approximately 
508 cm. The total weight of iron employed was 141 kg., while that 
of the copper was 13:6 kg. The source of supply was an 8-k.w. rotary 
converter whose E.M.F. wave had approximately a sine shape (sce 
Fig. 84). 

The diagram of connections is given in Fig. 2, where— 


A, = Hot-wire ammeter. 
W = Mather-Duddell wattmeter. 
T, = Auxiliary transformer. 
P = Primary of transformer under test. 
5, 5, = Sections of secondary of transformer. 
R S = Reversing switch. 
A, = Moving-coil ammeter. 
С = Ironless choking coils. 
R = Adjustable resistance. 
Sw = Switch. 


The flux wave had approximately a sine shape throughout the 
experiment. To ensure this the potential difference applied to the 
transformer had to have a sine shape. This was obtained by having as 
small a resistance as possible in the alternating-current side of the 
converter. 

The auxiliary transformer T, was employed to step-down the voltage 
of the converter to the required amount (the alternating-current voltage 
of the converter being too high). Fine adjustments in the voltage were 
obtained by means of an adjustable resistance in the direct-current side 
of the rotary converter. Thus, with the exception of the instruments 
which had a low resistance, no resistance was placed in the alternating- 
current side of the circuit. The reversing switch (RS) was employed 
in order to bring the iron to a steady cyclic state, since it was possible 
that some residual magnetism remained in the iron, especially when 
the superposed ampere-turns were large in number. 

As is seen in the figure, the battery is placed in the secondary circuit 
of the transformer. It was impossible to place it in the primary 
circuit, since it needed an adjustable resistance to vary the direct 
current, and as resistance in the primary circuit was inadmissible, this 
could not be done. It is seen that the battery circuit forms a closed 
secondary path in the transformer, and thus induced currents are pro- 
duced in this circuit which result in additional copper losses, which 
must be taken into account. 

Іп order to reduce these losses to a small amount, several large 
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ironless choking coils were placed in series in the secondary coil 
circuit. These coils offer a very large impedance to alternating 
current and practically none to direct current. All metal was also 
excluded from the framework of these coils, so that there should be no 
increased losses in the secondary coil circuit due to hysteresis or eddy- 
current losses in any metal of these choking coils. 

The additional copper loss in the secondary circuit due to the 
alternating current was ascertained by including in this circuit a 
switch (Sw), by means of which the cells could be cut out of the 


FIG. 2. 


circuit. The cells having a very low resistance did not appreciably 
alter the impedance of the secondary circuit. 

The following procedure was adopted to ascertain these additional 
copper losses. A reading of the wattmeter was taken with the 
secondary circuit open. The switch (Sw) was then placed in the 
“up” position and the reading again taken. If these two readings 
differed it showed that there were additional copper losses, which 
were taken into account and deducted from the wattmeter reading in 
order to obtain the true iron losses in the transformer. These losses 
were found to be inappreciable when S, contained few turns, but as 
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these turns were iricreased the losses became appreciable, since they 
are approximately proportional to the square of the number of turns. 

In order to ascertain whether there was any appreciable magnetic 
leakage as the direct-current ampere-turns were increased, an electro- 
static voltmeter was placed across part of the secondary of the trans- 
former. Inthe experiments the applied voltage was kept constant at 
100 volts and the frequency at 50 cycles per second. The following 
table gives the results obtained :— 


| Rare uae Masne ning RR irum Iron Losses. | Power Factor. 
| Copper. 
Per Cent. 
9 Ке) 0°30 205 205 6%0 
250 039 20 20 528 
500 049 2275 225 459 
IOO'O 0°70 248 247 354 
1500. | 094 270 268 287 
200'0 I'20 200 28%6 241 
2500 1:45 308 302 212 
2975 1°75 320 3r2 183 
| 500'0 | 2°60 360 342 128 
75070 | 3:80 3970 355 104 
1,2500 6:20 472 36:8 76 


The secondary voltage as given by the electrostatic voltmeter 
remained practically constant throughout the experiment at 19'5 volts. 

Fig. 3 shows the relationship between the direct-current ampere- 
turns applied and (A) the magnetising current, (B) the total iron losses, 
and (C) the power factor. 

Since the back E.M.F. and the wave-form of the back E.M.F. 
remained practically constant, the total change of flux density per 
cycle remained practically constant. This was calculated from the 
known primary turns and cross-section of iron, and found to be 
9,600 lines per square centimetre assuming a sine-wave of flux. 

The eddy-current losses depend on the square of the flux density, 
and as this remained practically constant, as shown by the electrostatic 
voltmeter, the eddy-current losses are approximately constant through- 
out, although a slight change might be expected due to the eddy 
currents induced in the copper of the windings and also due to the 
slight deviation froin a sine wave of the magnetic flux. The leakage 
flux is very small, as shown by the constancy of the secondary volts, 
and therefore the losses due to any leakage flux are negligible, due 
to the entire absence of metal surrounding the transformer. 

The constant eddy-current losses were experimentally found to be 
4°5 watts. This was ascertained by obtaining various values of the 
total iron losses with constant applied potential difference of sine-wave 
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shape, and therefore constant flux at different known frequencies, In 
this way it was possible to separate out the hysteresis from the eddy- 
current loss, since the hysteresis loss is proportional to the frequency, 
while the eddy-current loss is proportional to the square of the 
frequency. 

The additional iron losses when direct-current ampere-turns were 
superposed can therefore be attributed only to the increased hysteresis 
loss in the iron. This was verified experimentally by taking the iron 
through the same changes with direct current as occurred with the 
alternating current, and obtaining the loop by the ballistic method. 
In all the loops so taken the total change of flux density was main- 
tained at 9,600 lines per square centimetre, as was the case in the 
alternating-current tests. 

Four loops were taken altogether in this way with maximum 
induction densities of :— 


(A) 4,800 lines per square centimetre. 


(B) 10,300 » » 
(С) 13,000 » » 
(D) 15,400 i - 


Three of these loops, viz., (A), (B), and (D), together with the satura- 
tion curve of the transformer, are shown in Fig. 4. The procedure 
adopted in finding these loops was as follows :— 

A current was sent round part of the windings of the transformer 
so as to obtain the particular maximum of the flux density required. 
The galvanometer scale having been previously calibrated, this current 
was suddenly reduced to such a value as to obtain a change of flux 
density of 9,600 lines per square centimetre. These two values of the 
current gave the extreme values of the current for the loop required. 
Intermediate values of the top part of the loop were obtained by sud- 
denly reducing the maximum value of the current to intermediate 
values and obtaining the throws on the galvanometer scale, care being 
taken that the iron in each case was in a condition corresponding 
to the loops under consideration. The bottom part of the loop was 
obtained by bringing the current up to its maximum value correspond- 
ing to the loop. This current was then reduced to the minimum value. 
'This minimum value was then suddenly raised to various values inter- 
mediate between the minimum and the maximum and the throws on 
the galvanometer noted ; in this case also care was taken that the iron 
was in every case in the condition corresponding to the loop under 
consideration. 

From these loops the hysteresis losses have been determined, 
assuming a frequency of 50 cycles per second, as this was the fre- 
quency employed in the wattmeter method. From loop (D) and 
assuming a sine-wave of flux, the shape of the magnetising current 
wave-form has been obtained as shown in Fig. 5, the corresponding 
ampcre-turns to a particular value of the flux being obtained from 
the loop. 
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The areas above the zero-line in the magnetising-current wave-form 
must be equal to the area below the zero-line, since the same quantity 
of electricity flows into the transformer as comes out of it ; the line 
B,B, was consequently deduced to make these areas equal. .The 
distance between A,A, and B,B, therefore gives the direct-current 
ampere-turns A T superimposed. Thus the loss as found by thc 
loop (D) in the ballistic method corresponds with that obtained in 
the alternating-current tests when direct-current ampere-turns of 
values given by the distance between the lines A, A, and B,B, in 
Fig. 5 were superposed. 

This value, therefore, becomes known from the known scale of 
ampere-turns in the loop D. Similarly these ampere-turns were 
obtained for loops (A), (B), and (C). It was necessary to compare 
the hysteresis loss obtained by the alternating-current method with 
the results obtained by the ballistic method. For this purpose 
the losses when using alternating current were separating into eddy- 
current losses and hysteresis, the former being approximately constant 
as the change of flux was constant, and the flux-wave maintained 
practically a sine shape throughout. 

'The following gives the tabulated results :— 


EL A ————————————— 9———— 


Alternating-current Test.. 


Direct-current Ampere- Total Iron Losses — Eddy- Hysteresis Loss from | 
| 


Г 

| 

І 

| turns. | current Losses. Loops. 
t 

| 


Watts. Watts. 
о 160 158 | 
55 18:3 | 180 : 

145 2274 208 


500 297 275 | 


It is seen that there is a fairly close agreement in the last two columns, 
showing that the increased loss in the alternating-current test is chiefly 
due to the increased hysteresis loss. The discrepancy which occurs 
in the readings by the two methods is probably chiefly due to the 
assumptions made and also in taking approximate values in working 
out the loss by the ballistic method. For example, the flux wave was 
considered to be sinusoidal, which is only approximately true, and this 
would affect the computed ampere-turns as shown in Fig. 5. 

Again, the mean length of the magnetic circuit was considered to 
be the same throughout in the ballistic test in finding the hysteresis 
loss from the loops obtained. In the alternating-current test the flux 
will not be uniformly distributed throughout the core of the trans- 
former, and its distribution will alter as direct-current magnetisation 
is superposed on the alternating flux ; thus in the alternating-current 
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tests the exact value of the mean length of the magnetic path in the 
core is unknown and varies as direct-current ampere-turns are super- 
posed, whereas this has been assumed constant and equal to 50°8 cm. 
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in the ballistic test. It is probable that, could all the conditions be 
accurately taken into account, a much closer agreement would be found 
in columns 2 and 3. 
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Fig. 6 gives the relationship between the maximum induction 
density to which the iron is raised and the hysteresis loss as found by 
the two methods. It is seen that the hysteresis loss increases slowly at 
first and more rapidly afterwards, the small increase occurring during 
the steep portion of the “saturation” curve while the large increase 
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takes place after the * bending-over " point is reached, which is chiefly 
due to the large change in ampere-turns necessary for the required 
change of flux density. 

The hysteresis loss as found by the wattmeter method appears 
to follow the law— 


W, — W =a (В, тах. 7” Baa) 5, 
where— 


W, = hysteresis loss at maximum induction density B, mas. 


and— 


W = hysteresis loss for the symmetrical loop of maximum 
induction density Bmax. (when no direct-current mag- 
netisation is superposed). 


J^ X eo^ 


B 
C D 
E 
Fic. 8. 


In the test under consideration— 


a = 4'3 X 107% 
C == 256. 


The relationship between log (W, — W) and log (В, mar. — Bmax.) is 
shown in Fig. 7. In this connection it is interesting to note that the 
relationship between the ampere turns superposed and the root mean 
square of the magnetising current follows a straight-line law.* 


* Journal of the Institution of Electrical Engineers, vol. 42, pp. 432 to 454. 1008, 
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In Fig. 8 are shown some oscillograms which were taken— 


(a) The applied potential difference of the converter. 
(6) The secondary E.M.F. with 625 ampere-turns superposed. 


(c) The secondary E.M.F. with 1,350 » » 
(d) The magnetising current with 300 » » 
(c) The magnetising current with 600 Р T 


The applied potential difference is seen to give practically a sine 
wave. The current waves are seen to resemble that obtained in Fig. 5. 
The E.M.F. waves and the flux waves do not differ much from a sine 
wave. The deviation is due to the copper drop in the primary of the 
transformer. If the resultant of the applied potential difference and 


FIG. 9. 


the copper drop be found, it will be found to resemble the E.M.F. 
wave as shown in B and C, Fig. 8. This has been done approximately 
in Fig. 9. 

Itis this copper drop which prevents one from investigating the 
losses for very large superposed ampere-turns, since with a sine-wave 
of applied potential difference the flux-wave no longer has a sine shape 
and also the variation in flux density per cycle does not remain 
constant. 


CONCLUSIONS. 


It is seen that the hysteresis loss increases very appreciably as 
direct-current magnetisation is superposed on the alternating flux. 
This phenomenon manifests itself in practice in inductor alternators 
and static balancers. In some kinds of inductor alternators the flux 
does not reverse, but oscillates between a positive maximum and 
positive minimum value, thus the iron loss per cubic centimetre is 
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much greater in inductor alternators than in the ordinary type for 
the same change of flux in the armature coil. 

In static balancers this effect also takes place where the direct- 
current magnetisation is not neutralised. It is therefore important, 
if high efficiency be aimed at, to neutralise the direct-current flux. 
Any difference in the resistance of the limbs of the balancer tends to 
throw out the balancing of the direct-current flux. The resistance of 
the windings of a static balancer is usually extremely small, and thus 
any difference in the lengths of the leads or inclusion of any measuring 
instrument in, say, one limb only is liable to create a large amount of 
direct-current magnetisation in the core of the static balancer and 
thus lowers its efficiency. 


546 SMITH AND JOHNSON: THE LOSSES 


THE LOSSES IN INDUCTION MOTORS ARISING 
FROM ECCENTRICITY OF THE ROTOR. 


By CHARLES К. SMITH, Member, and ERIC М. 
JOHNSON, Student. 


(Paper received 27th December, 1911.) 


CONTENTS. 


General—Nature of losses due to rotor eccentricity—Outline of experiments— 
Description of motor employed—Flux distribution with rotor winding 
open— Flux distribution with rotor winding closed—Iron losses—Total 
no-load losses of motor—Variation of stator magnetising current with 
eccentricity—Magnetic pull on eccentric rotor—Value of rotor currents 
set up by eccentricity—Oscillograph records of rotor voltage—Con- 
clusions. 


In a previous paper * attention was called to some effects of eccen- 
tricity of the rotor in induction motors, in particular to the resulting 
uneven distribution of voltage in the stator winding, and to the high 
saturation of the teeth situated in the field of the narrow part of the 
air-gap. Other consequences of rotor eccentricity, which were referred 
to, are the magnetic pull exerted on the rotor, the increased iron losses 
due to the uneven field distribution, and increased copper losses in the 
rotor due to circulating currents. 

The research described in the following paper was undertaken with 
the object of ascertaining the magnitude of the additional losses in a 
motor brought about by a progressive increase in the eccentricity of 
the rotor, and of thus obtaining information as to the amount of 
eccentricity which may be allowed in practice without serious dis- 
advantage. · 

Nature of Losses due to Rotor Eccentricily.—Driefly, the eccentricity 
of the rotor tends to produce an increase in the density of the air-gap 
flux where the length of the air-gap is decreased, and a weakening of 
the flux where the gap is increased by the displacement of the rotor. 
. This disturbance of the symmetry of the flux entering the rotor gives 
rise to electromotive forces in the rotor winding, which in turn tend to 
set up circulating currents of such a character as to neutralise the un- 
symmetrical flux and to restore the uniformity of the rotating field. 


* C. F. Smith, “Irregularities in the Rotating Field of the Polyphase Induction 
Motor." Journal of the Institution of Electrical Engineers, vol. 46, р 132, 1911. 
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The extent to which these circulating currents can be actually formed, 
and, in consequence, the extent to which the eccentricity of the rotor 
actually produces dissymmeiry of the rolating field, depend upon the 
type of rotor winding employed. 

With a squirrel-cage or multiple-circuit rotor winding, the circu- 
lating currents are developed freely, and to a great extent neutralise 
the disturbing influence of inequality of the air-gap. With a series 
form of rotor winding, on the other hand, the introduced electromotive 
forces due to unevenness of the air-gap largely balance one another in 
the winding, and little compensating action can result. 

It thus appears that there will be two kinds of loss arising from 
eccentricity of the rotor, viz.: (1) Iron losses due to local concentra- 
tion of flux in the teeth and cores of the stator and rotor where the air- 
gap is small; and (2) copper losses produced by the circulating rotor 
currents. A third source of loss may arise from friction caused by the 
additional pressure on the bearings, if the eccentricity is sufficient to 
produce considerable magnetic pull on the rotor core. 

Outline of Experiments——The experiments were carried out on a 
3-phase induction motor which had been provided with end-plates 
capable of vertical adjustment, so that the eccentricity of the rotor 
could be varied. | . 

For determining the possible range of iron losses, the induction 
motor was first coupled to a continuous-current motor. The rotor was 
open-circuited, and the stator supplied with alternating current. The 
machines were then driven at various speeds «with the rotor eccen- 
tricity adjusted to a number of differing values. The effect of the 
change in eccentricity upon the iron losses under these conditions was 
deduced from observations of the power taken by the driving motor. 

The distribution of flux round the air-gap with various eccentricities 
was next examined with the rotor stationary. 

Subsequently, observations were made with two types of closed 
winding on the rotor. The running losses and the stationary flux dis- 
tribution were taken for eachtype. Oscillograms were taken on search 
coils situated on the rotor to illustrate further the distribution of the 
flux round the air-gap with varying displacements of the rotor. In 
the following summary the sequence of the observations has been 
slightly varied. 

Description of Motor Employed.—The motor used in the experiments 
was a 4-pole, 3-phase motor made by the Oerlikon Company, and 
originally rated to give 3 H.P. at 200 volts on a 50-cycle circuit. In 
the motor as originally made, the rotor slots were closed ; but, in order 
to allow of a wider range of movement of the rotor, the rotor winding 
was removed and the core turned down, so that the actual shape of the 
slots during the experiments was as shown іп Fig. r. The new air-gap 
length was 0'063 in. with the rotor central. The stator had 48 slots 
wound with 8 wires per slot. The rotor was rewound with No. 11 
S.W.G. double-cotton-covered wire, 4 wires per slot in 36 slots. The 
ends of this winding were at first left open, and were subsequently 
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soldered together, so as to form a closed winding. The winding was 
closed successively in two different ways, so as to form respectively a 
single- and a multiple-circuit typc of winding. The rotor was not pro- 
vided with slip-rings. 

Alteration of the eccentricity of the rotor was carried out by 
swivelling each end-plate about one of the bolts (carefully fitted for 
this purpose) passing through its flange. Thc holes of the other flange 
bolts were enlarged to allow of the necessary movement. A micrometer 
gauge fixed on each flange of the stator was used to indicate the vertical 
movement of a plane surface which had been filed at the top of the 
flange of each end-plate. The bolts which acted as the pivots, about 
which the rotor was swung through a small angle, were in the same 
horizontal plane as the centre of the rotor shaft. А calculation showed 
that the vertical movement registered by the gauges could be safely 
taken to represent the actual displacement of the rotor from its central 
position. By means of the micrometer, displacements could be 
measured to one two-thousandth of an inch. 


Fic. r.—Slots of Rotor (Actual Size). 


Flux Distribution with Rotor Winding Open.—The distribution of the 
flux round the air-gap was first measured with the rotor stationary. 
This was done with the rotor lowered by varying amounts from its 
central position. 

For this purpose, a search coil was wound in two of the rotor slots 
having a pitch equal to one-quarter of the rotor circumference, i.¢., one 
pole-pitch. Voltage was supplied to the stator winding, and the voltage 
induced in the search coil was observed, as the rotor was rotated into a 
series of positions. For purposes of comparison with subsequent 
observations, the stator voltage was maintained at only 30 volts. It 
was found, however, that when the stator voltage was raised to five 
times this value, the ratio of the search coil voltages to the stator voltage 
was practically unaltered. 

The search coil voltages observed with the rotor in each of twenty- 
four successive positions are plotted in Fig. 2. Thefive curves give the 
observations for four values of the eccentricity and for the central posi- 
tion of the rotor. The ordinates of the curves may be taken to represent 
the values of the flux which passed through an arc of the air-gap equal 
in length to one pole-pitch. The numerals marked along the hori- 


IN INDUCTION MOTORS. 549 


zontal axis represent the positions of the coil relatively to the stator, 
position 4 being that corresponding to the narrowest gap, and 
position то to the widest gap. 

It is of interest to notice how nearly the variation of the flux indi- 
cated by the amplitude of the curves shown in Fig. 2 corresponds to 
changes in the mean length of the air-gap, due to displacement of the 
rotor. 

It can be shown geometrically * that the average length of the 
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Fic. 2. —Flux Distribution for various Displacements of Rotor. 


Rotor stationary and open-circuited. Applied voltage = 30. 
Figures on curves show amount of displacement. Normal air-gap = 0063 in. 


maximum and minimum air-gaps subtending one pole-pitch of a 4-pole 
motor have values given approximately by the expression— 


ООШ д: 5525 bu 5 70) 
where— 


x is the average length of the air-gap taken over one pole-pitch at 
the top or bottom of the motor ; 

g is the original gap with central rotor ; 

a is the displacement of the rotor from its central position. 


By inserting the positive sign in the formula, we obtain the value of 
the average air-gap corresponding to the lowest points on the curves ; 
by using the negative sign, the values correspond to the upper points. 

If the reluctance of the path followed by the magnetic lines were 
proportional to the length of the air-gap, the maximum and minimum 


* See Appendix. 
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values of the curves in Fig. 2 should agree nearly with the following 
expression derived from the equation just given :— 


о =" 094) Е. 
where— 


о is the voltage observed with the rotor central (= 1072 volts) ; 
v, represents the maximum or minimum values with eccentric 
rotor. 


Owing to the reluctance of other parts of the magnetic circuit, 
especially that due to the slots which lengthen the path followed by the 
flux across the air-gap and produce saturation of the teeth, the value of 
g in the equation (2) must be increased. 

The observed maximum and minimum values agree fairly well with 
those of the formula, if the air-gap length, g, is taken about 30 per cent. 
greater than its actual value, in order to allow for the increase in reluct- 
ance due to the slots, etc. A still closer agreement between the 
calculated and observed values can be secured by making this correction 
different for the upperand lower points, where the degrees of saturation 
are respectively above and below the average.” It should be remembered 
that the teeth of the motor experimented on were somewhat abnormal 
owing to their having been turned down below their original dimen- 
sions, and that the correction would otherwise not have been so large. 

Flux Distribution with Rotor Winding Closed.—Similar observations to 
the last were taken with a closed winding on the rotor, in order to show 
the modifications produced in the field by the currents set up in a short- 
circuited rotor winding. The rotor was stationary in this case also. 

The rotor winding consisted of No. r1 S.W.G. double-cotton-covered 
wire, 4 wires per slot, wound to give 6 coils, 2 per phase, with 12 turns 
per coil. 

Tests were made with the rotor winding short-circuited in two 
different ways : (a) each phase-winding (consisting of two coils having 
a common axis, but situated on opposite sides of the rotor) was closed 
on itself to form a single circuit ; (6) each coil was closed on itself, so 
that the rotor winding consisted of six separately short-circuited coils. 

With the first type of winding, a coil situated in the narrowest part 
of the air-gap would always be in series with a coil situated in the 
widest air-gap. With the second arrangement of connections, the 
current in any coil would be the result of the voltage induced in that 
coil alone. 

The connection (a) was intended to represent the single-circuit-per- 
phase type of winding usually adopted with wound rotors. Connection 
(b) represented the multiple-circuit connections usually found in rotors 
which are not provided with slip-rings, including squirrel-cage rotors. 

The results obtained with winding (a) are shown in Fig. 3, and those 
with winding (b) in Fig. 4. 

With a short-circuited winding on the rotor, large variations i in the 
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search-coil voltages were produced by small changes in the relative 
positions of the stator and rotor teeth, giving a “ saw-tooth” appearance 
to the curves. These effects are clearly seen in Figs. 3 and 4, where 
maximum and minimum values are shown as occurring altcrnately at 
24 points in the rotor circumference. A mean curve has been drawn 
between the observed values to represent the approximate variations of 
the total polar flux arising from the rotor eccentricity. With the rotor 
winding open (see Fig. 2) the rapid fluctuations just referred to were 
only slight, showing that the “cogging” effect is due to the concentra- 
tion of the currents in the slots rather than to variations in reluctance 
arising from the relative positions of the teeth of the stator and rotor 
cores. This bears out the conclusions already drawn in the paper 
cited at the beginning of the present communication as to the 
slight effect on the polar flux of variations of air-gap reluctance due 
to this cause. 

On comparing the curves obtained without current in the rotor 
(Fig. 2) with those taken under similar conditions and at the same applied 
voltage, but with a short-circuited winding of type (a), it is seen that, 
while the actual flux in the air-gap is considerably reduced by the loss 
of voltage resulting from the flow of current through the impedance of 
the windings, the ratio of maximum to minimum voltage in the search 
coil is practically the samc as when the rotor winding was open. 

This indicates that with the single-circuit winding the rotor currents 
have no appreciable effect in diminishing the inequality of the air-gap 
flux, which results from an eccentric position of the rotor ; they exert по 
sensible “ compensating " action. 

Fig. 4 shows the flux variation round the stator with connections of 
type (5) on the rotor, i.e., each coil separately short-circuited. A glance 
at the mean curve shows that the rotor currents have an almost com- 
plete compensating action in this case, and that they maintain a 
practically uniform flux distribution in the air-gap, which is conse- 
quently almost unaffected by the eccentricity of the rotor. 

In order that this compensation may be effected, the rotor winding 
must carry bands of current flowing round a vertical axis in such a 
manner as to reinforce the main field where the air-gap is greatest, and 
to weaken it where the air-gap is least. 

An attempt was made to measure this additional magnetising current 
by inserting an ammeter in series with one of the rotor coils. The 
resistance of the ammeter and of the necessary flexible leads disturbed 
the distribution of the currents in the rotor windings too much to allow 
of any useful quantitative measurements being made. It was, however, 
clearly shown that a variation in the rotor current of the expected kind 
did occur when the rotor coils were short-circuited, and that with series- 
connected coils the current distribution in the rotor was practically 
uniform and independent of inequality of the air-gap. А theoretical 
estimate of the value of the balancing currents induced in the rotor 
winding by eccentricity is given later. 

Iron Losses with Rotor Winding Open.—The effect which the existence 

VoL. 48. 86 
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FIG. 5.— Curves of Rotor Iron Losses. 


Rotor open-circuited. Voltage on stator = 250. 
Normal air-gap = 07063 in, 
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of a non-uniform field in the air-gap has upon the iron losses of the 
motor was determined experimentally by driving the open-circuited 
rotor by a continuous-current motor. The increase in the driving 
power taken by the continuous-current motor on switching on the 
alternating-current supply to the stator of the induction motor was 
observed and plotted for various speeds of the machines. The observa- 


о 0-01” 0-02” 0-03 0-04 0-05" 0-06 
Rotor Displacement. 


Fic. 6.—Curves of Rotor Iron Loss. 


Rotor open-circuited. Voltage on stator = 250. 
Normal air-gap = 0'0€3 in. 


tions were repeated for several values of the rotor eccentricity. In 
Fig. 5 are given some curves showing the results obtained in this way 
when an alternating voltage of 250 was applied to the stator. 

If the motor were working under normal conditions, the losses 
which are here plotted would appear in the motor as an increase in the 
load to be overcome at the expense of a part of the power given electri- 
cally to the rotor. These losses consist practically of the rotor iron 
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losses due to eddies, hysteresis, and flux pulsations. It is these losses 
which are mainly affected by the eccentricity of the rotor. 

The power supplied to the stator of the motor during the test was 
found to be practically independent of rotor eccentricity except when 
this reached extreme values, in which case the stator watts showed an 
increase of from 8 to то per cent. The power taken by the stator was 
about 830 watts for the readings at moderate eccentricities for speeds 
below synchronism. | 

An examination of the curves shown in Fig. 5 shows that at low 
specds the power taken by the continuous-current motor was less with 
the stator of the induction motor excited than when the continuous- 
current motor was overcoming friction alone. This shows that the 
rotating field exerted an appreciable driving torque on the rotor. At 
synchronism this torque was reversed in direction, as shown by the 
sudden rise in the curve at this speed. 

The same results are plotted for a constant speed as a function of 
the rotor eccentricity іп Fig. 6. Тһе three upper Curves are for speeds 
above synchrenism, which accounts for the gap between them and the 
lower ones on the same page. 

The general conclusion to be drawn from the curves in Figs. 5 and 
6 is that with moderate speeds of revolution and moderate values of 
the rotor displacement there will be no serious increase in the iron 
losses on account of eccentricity. In the case of the motor experi- 
mented upon, when run with the rotor winding open at normal speed 
and with the stator supplied at normal voltage, a displacement of the 
rotor amounting to 70 per cent. of the original air-gap produced an 
increased loss of slightly more than 25 per cent. of the total original 
iron losses. 

Total No-load Losses of Motor.—Tests were made of the power taken 
by the motor when running alone unloaded and with short-circuited 
rotor at various eccentricities. Watts, amperes, and power factor were 
measured at the stator terminals for a series of values of the applied 
voltage and with four different values of the rotor eccentricity. ‘These 
observations, like the last, were taken with the rotor winding connected 
successively in two different ways. 


(a) Each phase of the rotor (consisting of two coils) was short- 
circuited on itself. The results are shown in Fig. 7. With 
these connections it was found to be impossible to run the 
motor at full voltage with the maximum eccentricity of 
0*06 in. used in most of the tests, as the unbalanced magnetic 
pull was sufficient to produce rubbing between the rotor and 
stator cores, and the current taken by the motor was so 
high as to make the windings smoke. Consequently, a 
maximum eccentricity of 0'55 in. was employed with this 
arrangement of the winding. 

(b) Each coil of the rotor winding was short-circuited on itsclf. 
The observations are plotted in Fig. 8. 
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For purposes of easy comparison the no-load losses, current, and 
power-factor of the motor, when running with each of the two types of 
winding, are plotted in Fig..g on a base of rotor eccentricity. The 
losses with the multiple-circuit winding (5) are seen to be smaller 
throughout than with the single-circuit winding (а), the difference 
becoming specially marked at high eccentricities. This superiority of 
the multiple winding must be ascribed to the greater power which it 
possesses for adapting itself to the local irregularities of the flux in the 
air-gap. The lower current and higher power factor of the motor with 
single-circuit winding are explained in the next paragraph. 

In Fig. 10 are plotted the total no-load losses with normal voltage 
on the stator with the two types of winding and with open winding. 


Power. 


0-06 


002 0-04 Ot о 0-02 0-04 
Rotor Displacement. Rotor Displacement. Rotor Displacement. 


Fic. 9.—Comparison of Power taken by Motor, when Running. 


Without load and with two types of rotor winding. Voltage = 209. 
© Single-circuit-per-phase winding. @ Multiple-circuit winding. 


In the last case the losses were derived from the input to the con- 
tinuous-current motor used for driving. 

Variation of Stator Magnetising Current with Rotor Eccentricily.—The 
type of winding adopted for the rotor affects the value of the magnetis- 
ing current taken by the stator winding when the rotor is not central 
(see Fig. о). 

With the type of winding in which each coil was separately short- 
circuited, the magnetising current was found to be practically unaffected 
by the rotor eccentricity. This is in accordance with the observations 
showing that the field is almost independent of the displacement of the 
rotor with this type of winding. 

With the second type of winding, in which two coils of the rotor 
were connected in series, the magnetising current was found to be 
reduced by an increase in the eccentricity of the rotor. Thus, at the 
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normal working voltage of 200, the magnetising current fell from 14°4 to 
127 amperes, or about 12 рег cent., as the rotor was lowered from its 
central position by оо55 in. 

The effect here mentioned makes the power factor of a motor with 
an eccentric rotor appear to be higher than when the rotor is properly 
centred. 

A rough calculation will serve to show that the change of excitation 
with eccentricity is to be looked for on theoretical grounds. 

Let— 


Е = flux per pole crossing the air-gap when the rotor is 
central ; 
g = normal length of air-gap; 
a = displacement of the rotor from its central position ; 
k F g = magnetising current required per pole by the 4-pole motor 
with central rotor. 


When the rotor is eccentric, let the mean air-gap opposite to a pole 


Rotor Displacement. 


Fic. 1o.—Curves of Total Losses at No Load. 


Voltage = 200. 
Upper curve : Single-circuit-per-phase winding. 
Middle curve : Winding open-circulted. 
Lowest curve : Multiple-circuit winding. 


at the top of the motor become g + y, and the corresponding air-gap 
at the bottom g— y, where y has the value ода in the case of a 
4-pole motor (see Appendix). 

We may now suppose that the flux 2 F, which will enter the central 
rotor in equal portions at each North pole, will enter the eccentric 
rotor at the top and bottom in unequal proportions, a flux 5-21 Е 


£ TF p entering at the 


entering at the top of the rotor, and a flux 


bottom. 
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The magnetising current required for the first part of the flux 
will be— 


£— ph = I Fk 
g (+y) Е › 
while that required for the second part will be— 
ЕЗУ ы. уу — Fk 
ғ (g — ») к . 


The value of the total magnetising current taken by the motor for 
both top and bottom poles will consequently undergo a change from— 


2kFg 
when the rotor is central to— 


2 


2kF5 — 
8 
when the rotor is eccentric. 

The decrease in magnetising current is therefore proportional to 
the square of the rotor displacement, and increases rapidly for high 
values of the latter. 

Magnetic Pull on Eccentric Rotor.—The value of the magnetic pull 
which is produced by eccentricity of the rotor and which tends to 
deflect the shaft, has been calculated by Rey * and by Sumec. The 
formula for the pull as obtained by Sumec is as follows :— 


B? а I 
а. | 21 1: 
! б | 
in which the symbols have the following signification :— 


P z pull on rotor due to magnetic attraction, in absolute units ; 

В = mean effective induction in air-gap with concentric rotor ; 

S = circumferential surface of rotor (square centimetres). 

g = length of single air-gap with concentric rotor ; 

а = displacement of rotor from its central position, so that g — a is 
the smallest air-gap, and g + a the largest gap. 


For small eccentricities it is often sufficiently accurate to employ 
the simple approximate formula— 


B? a 
р 5 


which indicates an increase in the pull on the rotor which is pro- 


portional to the eccentricity Г . 


* Rey, Eclairage Electrique, vol 38,. p. 281, апа vol, 41, p. 257, 1904 ; Sumec, 
Zeilschrift f. Electrotechnik, vol. 22, p. 727, 1904. 
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Sumec's formula differs from the simpler form by the introduction 
of the factor— 
I 


[OUT 
8 
which increases іп value rapidly with increasing eccentricity. This 


factor has a value of 1°54 for an eccentricity such that $ =0'5. Sumec 


points out that the pull on the rotor is shown by his formula to increase 
to high values when the displacement is sufficient to reduce the air-gap 
to a small value on one side of the rotor. 

Applying the formula to an actual motor, of 25-H.P., 3-phase, 2-pole, 
25 cycles, 1,460 revs. per minute, the pull was found to be for— 


=o'l, pull 620 kg. 


Ta RQ FIR 


=0°5, » 3,050 ,, 
The constants in this case were— 


В = 4,440, S=7,750, g==2mm. 


It is to be noticed that neither Sumec nor Rey have taken into 
account any compensating action of the circulating currents induced in 
the rotor by the unbalanced field. It would appear from the results 
already given that this omission 15 fully justified in the case of motors 
having wound rotors of the usual single-circuit type. With a squirrel- 
cage or multiple-circuit rotor winding the eccentric pull would be 
negligibly small. 

Value of Rotor Currents set up by Eccentricity.—lf the rotor of а 
motor, in which no compensation takes place, is eccentric, the rotating 
field will not be constant, but will vary in strength throughout each 
revolution, attaining a maximum value as its axis passes the minimum 
air-gap. It follows that the wave-forin of the voltages induced in the 
rotor winding will be modified in shape. Upon the main wave of rotor 
voltage, which has a frequency equal to the slip of the motor, there 
will be superposed oscillations having a frequency equal to the speed 
of revolution, and an amplitude depending on the amount of the 
eccentricity. If the type of rotor winding is such as to allow the 
superposed voltages to set up corresponding currents in the short- 
circuited winding, the virtual value of the rotor current will be altered 
as a result of the eccentricity, and, at the same time, the flux varia- 
tions will be partly neutralised. 

The superposed current oscillations which the eccentricity intro- 
duces into the rotor of a motor provided with a multiple-circuit 
winding may be regarded from the following point of view :— 

We may imagine the axis along which the rotor is displaced to be 
the axis of an alternating field which is superposed upon the ordinary 
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rotating field which exists when the rotor is central. This superposed 
alternating field has the frequency, f, of the supply, and is cut by the 
conductors of the rotor with the frequency of rotation, n. Тһе super- 
posed field forms two unlike poles at opposite points of the air-gap, so 
that the speed of synchronism of the rotor relative to this field is 
f revolutions per second, or more than twice the actual working 
speed in the case of a 4-pole motor. Thus, except in the instance of 
a 2-pole motor, the slip of the motor in relation to the superposed field 
is always very high, and the torque resulting from this field is very 
small in proportion to that due to an equal flux forming part of the | 
main rotating field. 

The limiting value of the currents thus formed may be estimated in 
the following way :— 

Let the normal stator magnetising current per pole and phase with 
uniform air-gap, g, be c, /, ampere-turns. Ina 3-phase motor the ampere- 
turns acting along any axis of the stator would have a virtual value 

3 
T Cols. 

Taking as an example the case of a 4-pole motor, a displacement, a, 
of the rotor will increase the reluctance of the mean air-gap of a pole on 
one side of the motor in the ratio & 7 99. T^ ч 


g— ода 
8 


,and will decrease it on the 


opposite side to of its former value (see Appendix). 


If we suppose that the additional balancing currents in the rotor rise 
to a value which is just sufficient to maintain the rotating flux at 
its original constant strength, they must produce a total additional 
magnetisation along the axis of displacement equivalent to twice 


ода 3 ода 


E. fı that is, to /2.3 c, 1, ampere-turns. 


Since this effect is due to all of the rotor coils acting in rotation, the 


limiting value of the extra rotor current will be E 2 of the value of the 


2 


stator current required to produce the same effect, where f is the 


is the ratio of stator to rotor 


turns, and the rotor has three phases. 
Hence we may write as the limiting value of the superposed rotor, 
currents— 


number of poles of the motor, 


о--У2,094 | f 032a 
e c Р bd 


2 6p g © ‘amperes, 
in the case of a 4-pole motor. 

The currents thus induced will not have the same frequency as those 
due to the main multipolar field of the motor, since they are formed by 
the action of a 2-pole field. It follows that the virtual current in the rotor 
conductors is only increased by the amount ./c? + c? — c, amperes, 
where c, is the rotor current without eccentricity. 
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It follows that the additional copper losses in the rotor arising from 
eccentricity cannot increase the total rotor copper losses in a greater 
ratio than— 


' 4 (оз а Гуа 
Mul ad Md. 
Са 


It is evident that this cannot represent a serious increase іп the 
normal rotor copper losses under load, unless the rotor displacement 
reaches a value which makes the air-gap dangerously small. 

In a paper * suggesting the subdivision of the end-rings of a squirrel- 
cage motor, Osnos states that large and injurious compensating currents 
may arise in the rotor due to its eccentricity, but he does not give any 
calculation of the value which they may reach. 

Oscillograph Records of Rotor Voltage.—By the use of special tem- 
porary slip-rings fixed on the motor, it was made possible to trace the 
wave-form of the voltages induced in search coils which were wound in 
the slots of the rotor. 

In the oscillograph curves obtained in this way there are three main 
types of variations to be distinguished :— 


1. Voltage variation due tothe passage of the search coil across the 
flux forming the main rotating field, having a periodicity equal 
to the slip of the motor. 

2. Pulsations of voltage of high frequency arising from the irregu- 
larities in the flux set up by the teeth. 

3. Variations of voltage caused by the inequality of the air-gap 
when the rotor of the motor is eccentric. The frequency of 
this voltage is that of the speed of rotation of the rotor, while 
its amplitude is dependent on the displacement given to the 
rotor. 


These three types of variation are easily distinguishable in most of 
the curves which are reproduced. For example, in Fig. 19 there is 
shown rather more than one complete cycle of voltage variation duc to 
slip, which includes 18 cycles of variation due to rotor eccentricity and 
indications of alarge number of higher-frequency pulsations due to the 
tecth. | 

In Figs. тї to 14 are shown the curves obtained by connecting the 
oscillograph to a search coil wound round a single tooth of the rotor 
core. Normal voltage was applied to the stator, and the motor ran with- 
out load, with the rotor winding short-circuited to give one circuit per 
phase. The slip of the motor was very small (less than 1 per cent.). 
The record was taken in each case at the time when а hot-wire 
voltmeter connected to the search coil indicated that the voltage due 
to slip was passing through its maximum value. This voltage remained 
constant for practical purposes during the brief period required for 
taking the record. The search coil was thus travelling almost synchro- 


* Zeitschrift f. Elektrotechnik (Wien), vol 20, p. 389, 1902. 
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FIG. II. 
Rotor central. Virtual volts = 2°4. 
Motor unloaded. Search coil on one tooth. 
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FIG. 13. 
Rotor displaced = о од in. Virtual volts 51 
Motor unloaded. Search coil o e tooth. 
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nously with the main field, and was situated in its densest part at the 
time of the observation. These curves exhibit no variation due to slip ; 
the principal wave in the curve 12 is due to eccentricity. 

In Fig. ті the rotor was central, and the oscillations indicated on the 
curve arc due to tooth pulsations. These oscillations are scen to corre- 
spond closely with those of the curves drawn in Fig. 3 from obser- 
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FIG. 15. 
Rotor slightly displaced. Virtual volts — t3. 
Motor unloaded. Search coil embracing one pole-pitch. 


vations made on the stationary motor. In taking Figs. 12 to 14 
the rotor was adjusted eccentrically. The increasing amplitude of the 
flux variation produced by the greater eccentricity of the rotor is clearly 
shown, also the greatly increased amplitude of the tootn pulsations 
at the point of minimum air-gap. The flux in the dense field is highly 
concentrated in the teeth, and leaps from.tooth to tooth with great 
suddenness. 


"wh 


FiG. 16. 
Rotor displaced = 0'03 in. Virtual volts = 271. 
Motor unloaded. Search coil embracing one pole-pitch. 


The scales of the various curves are not identical, but the virtual 
voltage represented by each 15 given below it. 

In Figs. 15 to 17 are shown curves taken under exactly the same соп- 
ditions of working, but with a different search coil. The search coil 
used in this case was wound so as to embrace one-quarter of the rotor 
circumference (one pole-pitch), so that the records indicate variations of 
the flux per pole. 

In all of these curves the principal wave, due to eccentricity, has 
a frequency equal to the number of revolutions per second of the motor. 
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Figs. 18 and 19 show curves taken with the object of illustrating the 
wave-form of the voltage induced in the rotor winding under working 


%, | 4, eM 


Rotor displaced = 0:055 in. Virtual volts = 78. 
Motor unloaded. Search coil cmbracing one pole-pitch. 


conditions. The search coil used for these curves was wound in 
the same slots as one complete coil of the rotor (3 slots per side). 
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Fic. 18. 
Rotor central. Virtual volts = 0°75 
Motor loaded. Search coil in same slots as rotor winding. 


The motor was heavily loaded so as to increase the slip. The two 
curves represent the voltages in the rotor with no eccentricity and with 


( 
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FIG. 10. 


Rotor displaced = о'018 in. Virtual volts = o 


Motor loaded. Search coil in same slots as rotor winding. 


a small displaciiment of the rotor, such as might be found in a very large 
proportion of the motors in actual service. The horizontal scale of 
Figs. 18 and 1015 very much smaller than that of the previous curves. 
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Oscillograms taken on the rotating motor with open-circuited rotor 
winding were practically identical with those already given, except for 
a slight difference in the amplitude of the tooth pulsations. 

Summary апа Conclusions.—A displacement of the rotor of an 
induction motor from its central position results in a change of the 
flux density along the axis of displacement, which is approximately 
proportional to the change in the magnetic permeance of the air-gap, 
when the rotor 15 open-circuited. А closed rotor winding having a 
single circuit per phase hardly alters this distribution of flux at all. 
A multiple-circuit winding on the rotor becomes the seat of balancing 
currents which are sufficient to maintain an almost uniform mean flux 
round the air-gap, irrespective of rotor displacement. The balancing 
currents are strictly limited in value, and are not great enough to 
produce any serious increase in the rotor copper losses with moderate 
displacements of the rotor. The asymmetry of the field due to rotor 
eccentricity, when not compensated by rotor currents, gives rise to an 
additional iron loss, which increases uniformly with small eccentricities. 
With larger eccentricities these losses increase rapidly. Increased 
eccentricity 15 also attended by less favourable starting of the motor, 
and by a diminished magnetising current. The unbalanced magnetic 
pull on the eccentric rotor increases, at first slowly, but afterwards at 
a higher rate, with increase of eccentricity. With a multiple-circuit 
rotor winding no appreciable iron loss or unbalanced magnetic pull is 
produced even by extreme values of the eccentricity. The total effect 
of rotor eccentricity on the losses of the motor was found to be very 
small for all displacements, when the multiple-circuit type of winding 
was used; with the single-circuit-per-phase winding, the increase in 
losses was more marked, but did not become important for eccen- 
tricities less than 20 or 25 per cent. of the length of the original 
air-gap. 


The authors desire to make acknowledgment to the Committee 
and Principal of the Municipal School of Technology, Manchester, for 
the facilities afforded them for carrying out the experiments described 
in this paper. 


APPENDIX. 


Value of Mean Length of Polar Air-gap.—lIt is desired to find the 
mean length of air-gap at the top and bottom of a motor in which the 
rotor has sunk from its central position. 

In order to make the calculation directly applicable to the motor 
used in the experiments, it will be convenient to соћѕійег a 4-pole 
motor, and to find the mean air-gap subtended by one pole-pitch (3 of 
the rotor circumference) at the top and bottom of the motor. 
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Let— 


R = radius of stator bore ; 

г = outside radius of rotor ; 

a = distance through which rotor has sunk ; 

x = length of air-gap, as measured from centre of stator, along 
a radius making an angle @ with the vertical axis. 


It follows geometrically that— 
r= (К +)? + ae — 2а (К — х) сов0 
= R?—2 Rr + x7 + a — 2а (R — х) соз0 
or neglecting x?, a? and 2 a x cos біп comparison with other terms, 


re = R — 2 Rr —2aR.cos8 
whence— 
R? — 7? — 2a R сох Ө 


= 005 5 


2 К 


Mean value of х over опе quadrant— 


т 
4 2. r? 
22.2 (“SR – cosa) 4% 
е a 
4 
ape ОЗИН 2 sin 
2R “4 


Writing _ R—r=g, the length of the original аіг-рар, the mean 
value obtained above becomes by a further approximation— 


Е--о9а. 


It is evident that, in the case of a motor with а greater number of 
poles, the mean value of the air-gap for the arc subtended by one pole- 
pitch would approximate still more nearly to the value g—a at the 
part of smallest air-gap. 
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SUMMARY. 


After describing the methods already in use, the author explains a 
way in which the oscillograph can be applied to show the internal 
currents in an armature without cutting one of the main coils. 
Records are given illustrating various points about commutation to 
illustrate his method, and improvements in details are discussed. He 
also urges the insertion of the indicating coil during construction as a 
matter of course in all large machines, or others working near the limits 
of good commutation. 


INTRODUCTION. 


The chief uses to which the oscillograph can be put in connection 
with commutating machines are the investigation of * :— 


* See for instance :— 
(а) and (с). D. K. Morris and J. K. Catterson-Smith, ** Some Uses of the Oscillo- 
graph," Фонтпа! of the Institution of Electrical Engineers, vol. 33, p. 1019, 1904. 
(ч). J. К. Catterson-Smith, “Commutation in a Four-pole Motor," ibid., vol. 35, 
P- 430, 1905. | і 
(b) and (с). F. G. Baily апа W. S. H. Cleghorne, “Some Phenomena oi Commu- 
tation," ibid., vol. 38, p. 150, 1906. 
(d. G. W. Worrall, * Commutation Phenomena and Magnetic Oscillations 
occurring in a Direct-current Machine," ibid., vol. 45, p. 480, 1910. 


OSCILLOGRAPH TO THE STUDY OF COMMUTATION. 571 


(a) The change of current in an armature coil during commu- 


tation. 

(b) The voltage between the brush and segment at the moment of 
parting. 

(с) The changes of flux distribution produced by armature 
reaction. 


(d) The oscillations of flux produced in the various parts of the 
machine while it is working. 


The usual way of studying commutation by its aid is to cut one of 
the armature coils and connect the free ends to slip-rings from which 
the current is led to the oscillograph shunt, but there are several 
objections to this method. In the first place, the arrangement is not 
one which any dynamo builder would contemplate with equanimity for 
a large machine, or indeed for any except a purely experimental 
machine. A break in the external connections to these slip-rings 
would open one of the armature paths and cause violent sparking 
at the brushes, to say nothing of possible heavy unbalanced forces. 
This danger can be avoided by fixing the shunt on the armature itself, 
and so leaving only the oscillograph current to be carried by the rings.* 
The resistance and heating of this shunt would be objectionable, and 
provision would probably be necessary for short-circuiting it except 
when experimental runs are being made. 

But another, and still greater, disadvantage remains. Тһе resist- 
auce of a single coil of the armature is quite small, and consequently 
the addition of a shunt, which would probably have a resistance 
several times as great as that of the coil, makes the conditions very 
different from those of normal running, and correspondingly reduces 
the value of the results obtained. Such added resistance would, for 
example, greatly diminish the short-circuit currents caused by the 
brushes being displaced from the neutral-point, or by their being too 
wide, while it would also make the brush contact resistance less effective 
in straightening out the current curve. 


INDICATING COIL. 


If we go yet another step and make the armature coil act as the 
shunt, we shall entirely get rid of the defects just discussed, but we are 
then met with the difficulty that there are motion and inductance (both 
self and mutual) E.M.F.'s in this coil as well as the resistance E.M.F. 
In 1904 the author devised a method of compensating for these E. M.F.'s 
and had the arrangement fitted to a machine belonging to the Merchant 
Venturers' Technical College, Bristol, whose armature was then being 
altered. However, not having an oscillograph at the time, and later 
having a large amount of extra work owing to the fire at the college in 
1906, the author had no opportunity of trying the coil until 1907, since 
which time it has been regularly used for class demonstrations. In 


* E. Arnold has used this arrangement. See his “Die Gleichstrommaschine,” 
p. 784. (Berlin, J. Springer, 1906.) 
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principle it is exactly the same as the device applied later by Mr. 
Campbell* to produce non-inductive shunts for alternating-current work. 
A special coil of thin wire is wound as closely as pogsible to one of the 
armature coils with the same number of turns and connected to the 
same segments of the commutator. The back of this auxiliary coil, 
which may be termed an “indicating coil,” is cut and connected to 
slip-rings, and it forms the leads connecting the armature coil, acting 
as a shunt, to the oscillograph. The arrangement is shown in Fig. 1 as 
applied to a lap-winding ; with a multipolar wave-winding, as in the 
actual machine already mentioned, the segments at the two ends of the 
coil are not adjacent, but are separated by about two pole-pitches. 
Space can generally be found for the indicating coil without altering 
the slot dimensions, and the Duddell oscillograph only requires about 


Fic. 1.—Connections of Indicating Coil to Oscillograph. 


3s ampere at most. Consequently, even with a small machine, it makes 
no appreciable difference to the main coil whether the indicating rings 
are in use or not. 

The difference of potential between the two segments is the sum of 
all the E.M.F.’s in any path by which we can ро from one to the other. 
Applying this to the two coils we get :— 


En, + Em, + Er, = V = En, + Ем, + EL» 


where the three E.M.F.'s are respectively the resistance, motion, and 
inductance Е.М.Е.5, and the 1 refers to the main coil and the 2 to the 
other with its external circuit. But, from the construction adopted— 


EM, = Ем, and EL = EL- 


* A. Campbell, “ Compensation of Self-induetion in Shunt Resistances,” Electrician, 
vol, 61, p. 1000, 1908. 
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Consequentl y— 
Ев, = Ен, ог К,І, = К,1,, 
ог— 
К, 
| = R, I,. 


That is to say, the ordinary laws of shunts apply and the oscillograph 
current is a definite fraction of the total current in one armature 
circuit. 

The compensation of the motion and induced E.M.F.'s could only be 
absolutely perfect if the two coils were completely coincident, which is, 
of course, impossible. The two coils are wound side by side in the 
original armature, and the motion E.M.F. is very well balanced except 
at the places where the indicating coil is close to the edges of the poles. 
The bottom curves of Fig. 4, taken with the fields separately excited 
and the brushes lifted, show little humps at these positions denoting an 
imperfect balance there, and Fig. 2 shows why itoccurs. At the edges 
of the poles the flux density varies rapidly with the position and there- 
fore the conductor nearest the pole has a greater E.M.F. induced in it 


| Enamelled strip 


N 
NN i 
Selndicating coil | 
FiG. 2.—Unequal Action in the two FiG. 3.—Arrangement of 
Coils. Indicating Lead in Rect- 


angular Conductor. 


than one just beyond it. If further, as in this case, the indicating coil 
is entirely to one side of the main coil (and not as in Fig. 1), then the 
E.M.F.'s in the two coils will be different and will produce a circulat- 
ing current. If the matter be closely examined it will be seen that the 
opposite signs of the humps at the two edges of the same pole and the 
similar signs of those at the adjacent edges of different poles agree with 
this explanation. The other alternative is that these humps represent 
currents circulating between the two armature circuits, but in that 
event we should expect similar humps to be produced by all the other 
coils besides the one being indicated, in which case the rest of the 
curve would be rippled instead of straight. 

Ripples are shown opposite the poles on several of the other curves 
on the same figure, and occasionally these ripples were seen to spring 
away from the zero-line and remain away for several seconds. The 
ripples are caused by the flux oscillations produced by the large short- 
circuit currents occurring in the other coils which are short-circuited 
by the brushes when out of the neutral zone. They may be actual 
circulating currents due to the unequal induction in the two parallel 
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circuits of the armature, since the number of coils in each circuit varies 
with the phase of commutation, but it is more probable that they are 
also due to imperfect compensation of the indicating coil. The 
deviation from the zero-line seems to be caused by comparatively 
slow changes in the field current caused Ьу а variation of the supply 
voltage. The flux oscillations are themselves very well shown in 
Fig. 12. 

No opportunity has yet occurred of winding an indicating coil in 
another machine, but it is hoped to have one shortly. It is proposed 
to improve the arrangement by getting the two coils much closer 
together. For small machines with round wire the following two 
methods suggest themselves. The main conductor of the coil to be 
indicated could be made of stranded wire, of which one of the outer 
strands has been enamelled to insulate it from the rest. This strand 
would form the indicating coil, and be cut and connected to the slip- 
rings in the way already described. It is probable that the lay of the 
strand would give practically perfect compensation. Another way 
would be to wind a layer of enamelled foil spirally round the main 
conductor to form the special coil. Very little insulation is required 
between the main and indicating coils, for the maximum potential 
difference between them is well under 1 volt, and a breakdown of that 
insulation would have no more serious effect than to reduce the current 
sent through ithe instrument. For larger machines using rectangular 
wire the indicating lead could easily take the form of an enamelled 
strip placed between the laminations of the main conductor near the 
centre of its section, as shown in Fig. 3. 


EXAMPLES OF THE USE OF THE INDICATING COIL, 


A number of oscillograms are given in Figs. 4-11, more to illustrate 
the uses of the coil than as a contribution to the theory of commutation, 
a study of which it is hoped to carry out later with the aid of an 
improved coil. Being drawn by hand on the tracing desk of a Duddell 
high-frequency outfit, much of the smaller detail has become inaccurate 
or has been lost altogether. But in any case, no print, however good, 
can show the life of the curves as they actually appear on the screen. 
To see the changes actually taking place, knowing at the same time 
what is happening to the machine, is most instructive, while the snake- 
like behaviour of the lines when the load hunts is quite fascinating. 

Before taking the oscillograms, with the exception of Figs. 8 and 9 
which are older ones, the spacing of the brushes was carefully adjusted 
and the brush faces freshly ground and the commutator polished. 
The brush-holders now on the machine are of the lever type, which 
causes the carbons to bear only on the forward edges after regrinding 
owing to the angle turned through to make up for the thickness of the 
emery cloth. Although the machine had been run for several days 
before taking the records, the brushes had not worn down so as to bear 
over their whole surface by the time of the experiment, and the negative 
ones, particularly No. 1, happen to have been better than the positives— 
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Fic. 4.—Short-circuit Currents at No Load with different Brush Positions: 
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that being called positive by which the motoring current enters the 
armature. The positions of the poles are shown on the diagrams, and 
to these are added the position which the short circuits would have if 
the brushes had made contact over their whole width. The overlap of 
the short circuits by the two brushes of the same polarity is typical of a 
wave winding and is reversed at the other two poles. The names 
marked on the poles correspond to the position of the left-hand side 
(lower layer) of the coil indicated. 

Fig. 4 shows the effect of displacing the brushes from the neutral- 
point when there is no load on the armature, curves being given in 
most cases for both poles of the same name. When tested after the 
run by the zero mutual inductance method, the neutral position of the 
brushes came to 340 on the rocker scale, but the oscillograms indicate 
a different position, and also show a difference between the positive 
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Fic. 5.—Effect of Lifting one Brush on No-load Short-circuit Currents. 


and negative brushes due to imperfect bedding. With the rocker at 
350 the short circuits take place near the edges of the poles, and 
currents many times full-load current then circulate in the coil. It is 
these heavy short-circuit currents which produce the very marked 
oscillations shown in the flux curves of Fig. 12. "These high peaks are 
always a bit unsteady, but less so than might have been expected. 
There was some sparking with the brushes so far back, but not enough 
to be serious. The ripples opposite the poles have already been dis- 
cussed in connection with the faulty compensation of the indicating 
coil. 

Fig. 5 shows the difference between having all the brushes in use 
and only one of each pole, but this figure would have been more 
satisfactory if the brushes had been properly bedded in. Fig. 9 shows 
the difference between the brushes better, it being exaggerated by the 
unequal spacing. 
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Fic. 6.—No-load Short-circuit Currents with Reversed Magnets 


Ё Pole NO 4. L 
m | upper 8 pole - | N 
Amps. 3 4, 

ІО a + 


Motorin 
current. 


No load. 


Inbernal current. 


5àmps. 
Amps LOamps. 
ye 
с 
Ф 
t oaol 
b Izamps. 
2 BRI 
g 
E 
I »-----> 

Коскег аб y 

All brushes down 

r 160 К.М. 
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For Fig. 6 the polarity of the magnets was reversed between the 
two records, but the machine was not run for any considerable time 
with the reversed polarity. The differences between the two curves are 
too small to say that they are caused by other than change with time 
and error of tracing. 
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(Brushes incorrectly spaced). 


The effect of changing the load without altering the brushes is shown 
in Fig. 7; the way in which the short-circuit peaks draw in as the load 
is increased should be noted. These oscillograms show that the brushes 
now employed are too wide even for the current of 12 amperes (30 per 
cent. overload), for although the lead is such as to cause very large 
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short-circuit currents at no load, and considerably to over-reverse the 
smaller currents, it is still insufficient to prevent the large currents 
increasing at the commencement of the short circuit. 

Fig. 8 shows the two poles of the same sign overlapping, the brushes 
being inaccurately spaced. It also shows the effect of lifting one of the 
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brushes. Fig.9 shows a large brush error. Figs. 10 and 11 show com- 
bined alternating-current and direct-current loads, but as the machine 
was coupled to the others, the ratio of the two is not the same as if it 
had been running as a rotary converter. 
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FiG. 10.—Combined Alternating-current (Generator) and Direct-current 
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FIG. 11.—Combined Alternating-current (Generator) and Direct-current 
(Motor) Loads. 
(Indicated Coil remote from Tapping.) (23 Coils and 40 Coils between 
Indicated Coil and adjacent Tappings } 


Fig. 12 gives the E.M.F. wave for a coil wound ring-fashion in a 
ventilating hole and the bottom of a slot, and shows the distribution 
of the flux opposite the poles combined with the effect of the change 
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of total flux with the magnetic oscillations. The bottom curve was 
taken with the brushes up; the ripples in it are due to the armature 
teeth. The splashes on the middle one are due to the short-circuit 
currents shown at 350 on Fig. 4, while the top curve displays the 
armature reaction with a load of 15 amperes (7о per cent. overload). 

It is interesting to note that if both ends of the indicating coil be 
connected to the same segment so as to short-circuit it in front, the 
curve on the screen would be the flux curve. Provision for changing 
the connections so that one coil could be used for either would, how- 
ever, be a source of danger, and so it is better to have a separate coil, 
especially as the other would only give the mean flux density at slightly 
different places on two adjacent poles. The flux curve can be obtained 
very approximately without any permanent arrangements on the arma- 
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FiG. 12.—-Flux Distribution Curves, showing Effect of Armature Reaction 
and of Short-circuit Currents. 


ture if two slip-rings be placed over the commutator and connected to 
the two segments at the end of one coil. 


DESCRIPTION OF THE EXPERIMENTS. 


The machine used in these experiments is a special experimental 
one, by Mavor and Coulson, having 4 poles and rated at 5 H.P., 500 volts, 
and r,200revs. per minute. There are 129 segments and the same number 
of coils of six turns each, and 43 slots. The winding is the 2-circuit 
wave-winding usual for that size of machine. The coils span ro teeth 
and 64 segments, the pole-pitch being 10} tooth-pitches, and the pole- 
span 6:6 tooth-pitches. The commutator is 7 in. in diameter, and the 
brushes § in. wide ; the pitch of the segments is thus 170 mils or 2:85, 
while the brush-span is 37 segments or 10. А number of machines 
stand in line and can be coupled together as required, while a public 
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supply from the city mains of direct-current at 250 or 500 volts, and of 
alternating-current at 105 or 210 volts and 93 cycles per second, is 
available. The power was circulated between two machines on the 500- 
volt mains, or between the latter and the alternating-current mains, the 
former giving a much steadier load. A resistance was always left in 
circuit with the armature of the machine tested so as to throw most 
of the fluctuations due to change of voltage on the other machine. 
One of the alternators in the line of machines supplied the current for 
the oscillograph motor ; it has 8 poles, and so the time-scale was drawn 
out to twice what it would have been if the oscillograph mirror had 
been driven from the alternating-current slip-rings with which the direct- 
current machine is provided ; there were also the additional advantages 
that the machine being tested did not have to carry the current for this 
little motor, and that the portion of the curve on the screen could be 
adjusted by swinging the stator of the alternator, which is mounted on 
ball-bearings. The double time-scale causes the curves for two similar 
poles to overlap ; as was shown in Fig. 8 these do not quite coincide. 
They were separated by the very simple dodge of covering half the 
circumference of the indicating rings with paper. This was originally 
tried as a temporary expedient in the hope tbat the paper would last 
long enough to allow the curves to be identified, but quite unexpectedly 
it ran for many hours without renewal. 'The position of cut-off could 
be adjusted by moving the rocker on which the indicating brushes 
were carried, and it also gave an index by which the position of the 
machine corresponding to any point on the curve could be roughly 
determined. 

For a complete study of commutation it is desirable still further to 
increase the time base. It can be made about three times as great, 
giving a total magnification of six, by using the return stroke of the cam ; 
a special shutter is then desirable to cut the light off for three-fourths 
instead of the usual one-fourth of each revolution of the oscillograph 
motor. In further work it is proposed to employ a rotating mirror, as 
this will give a more certain time-scale than a quick-running cam. 
The objection to a rotating mirror for ordinary work is that too much 
light is lost owing to the fact that it is only reflected up to the screen 
during a small fraction (about 44) of each revolution, which means that 
the spot of light will pass over the same spot every twelfth cycle or so 
instead of every other. But this is an advantage for our purpose, for 
when the speed of the motor is increased so that it goes round once a 
cycle, as was the case fbr the oscillograms given in the paper, the part 
of the cycle which is lost is not wanted and we only get a small portion 
on the screen at a time. 


PRACTICAL APPLICATIONS. 


The uses of the indicating coil for teaching purposes are fairly 
obvious, but the author is of opinion that it is even more valuable 
to the manufacturer of large machines, and he strongly urges that 
it should be fitted as a matter of course to all important machines 
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while they are being built, just as an engine-builder always provides 
indicator cocks on his engine. The indicating coil should be of special 
service on turbo-dynamos, and on all machines which have to be worked 
near the limits of satisfactory commutation, and it should give much 
useful information as to the actions taking place in alternating-current 
commutating machines. The extra cost of the arrangement is small, 
being little more than that of providing the two slip-rings, which need 
only be large enough for strength. It is not necessary to provide 
alternating-current tappings for the oscillograph motor ; adirect-current 
motor would be even better as the gradual slip taking place when the 
speed is as nearly right as can be got brings the different parts of the 
curve into view in turn, while records can always be obtained with the 
falling plate or other photographic arrangement. The indicating coil 
would give invaluable information while making the adjustments of the 
brushes, commutating poles, and so forth, and quickly lead to the best 
arrangements for these parts being settled. 

There are very few, if any, machines in which the resistance of a 
single coil is too low to give a sufficient deflection of the oscillograph 
when used in this way. Each coil of the machine already referred to 
consists of 14 ft. of 18 S. W.G. wire; consequently the current density 
at full load is 2,500 amperes per square inch, and the product of length 
and current density, upon which the voltage available for the oscillo- 
graph depends, is 420,000 amperes per inch or 16,600 amperes per 
millimetre. With the oscillograph fuses cut out this gives an ample 
sensibility of 275 mm. рег ampere in the main coil. This product is 
limited by cost on £he one hand and by commutating considerations on 
the other, and its value does not differ very greatly for machines of 
different size, and it is seldom less than half the amount just given. 


CONCLUSION. 


In conclusion, the author wishes to express his thanks to Mr. 
G. W. P. Page for his valuable assistance in carrying out the experi- 
ments and in making the records; to the Governors of the Merchant 
Venturers’ Technical College for the use of the college equipment, and 
to the Bristol University Colston Society for a grant to enable the work 
to be carried further. 
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ANNUAL DINNER, 1912. 


The annual dinner of the Institution was held in the Grand Hall 
of the Hotel Cecil on Thursday, 1st February, 1912. The President, Мг. 
S. Z.de Ferranti, presided at a gathering numbering about 350 persons, 
Among those present were: The Right Hon. Sir G. H. Reid, P.C., 
G.C.M.G. (High Commissioner for the Commonwealth of Australia), 
the Right Hon. Lord Alverstone, G.C.M.G. (Lord Chief Justice), Mr. 
Alexander Siemens (Past President), Professor S. P. Thompson, F.R.S. 
(Past President), the Right Hon. Lord Justice Buckley (Lord of Appeal), 
the Right Hon. Lord Justice Fletcher Moulton, F.R.S. (Lord of 
Appeal), the Hon. Mr. Justice Parker, Mr. W. M. Mordey (Past Presi- 
dent), Professor John Perry, F.R.S. (Past President), Professor W. C. 
Unwin, F.R.S. (President of the Institution of Civil Engineers), Sir James 
Crichton- Browne, F.R.S. (Treasurer of the Royal Institution), Mr. E. 
White (Chairman of the London County Council), Sir R. Hunter, K.C.B. 
(Solicitor to the General Post Office), Mr. R. Hammond (Hon. Treas- 
urer) Sir T. Barlow, Bart., K.C.V.O. (President of the Royal College 
of Physicians), Sir B. A. Whitelegge, K.C.B. (Chief Inspector of Fac- 
tories, Home Office), the Hon. Sir N. J. Moore, K.C.M.G. (Agent- 
General for Western Australia), Mr. W. Duddell, F.R.S. (Vice-President), 
Mr. W. Judd (Member of Council) Sir Wm. Ramsay, K.C.B., F.R.S. 
(President of the British Association), Sir Alfred Keogh, K.C.B. (Rector 
of the Imperial College of Science and Technology), Sir Norman 
Lockyer, K.C.B., F.R.S. (Director of the Solar Physics Observatory), 
Sir Horace Monro, K.C.B. (Permanent Secretary, the Local Government 
Board), Sir A. King, K.C.B. (Secretary of the General Post Office), Mr. 
Hugo Hirst (Member of Council), Mr. J. F. C. Snell (Vice-President), 
Sir Laurence Gomme (Clerk to the London County Council), Mr. J. S. 
Highfield (Member of Council), Mr. C. H. Wordingham (Member of 
Council) Mr. R. J. Godlee (President, Royal College of Surgeons), 
Sir Philip Magnus, M.P. (Secretary of the Department of Technology, 
City and Guilds of London Institute), Sir H. F. Donaldson, K.C.B. 
(Superintendent of Woolwich Arsenal), Mr. W. W. Cook (Member of 
Council) Mr. R. K. Morcom (Member of Council), Sir H. Trueman 
Wood (Secretary of the Royal Society of Arts), Sir J. Larmor, F.R.S. 
(Secretary of the Royal Society), Mr. J. E. Kingsbury (Member of 
Council) Mr. W. M. Morrison (Member of Council), Mr. C. P. Sparks 
(Member of Council), Mr. B. M. Jenkin (Member of Council), Sir A. B. 
Kempe, F.R.S. (Treasurer of the Royal Society) the Hon. J. D. 
Fitzgerald, K.C., Мг. 5. Morse (Member of Council), Mr. E. Russell 
Clarke (Member of Council), the President of the Elektrotechnischer 
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Verein, Mr. H. E. Haward (Comptroller of the London County Council), 
the Hon. A. A. Kirkpatrick (Agent-General for South Australia), Mr. 
E. B. Ellington (President of the Institution of Mechanical Engineers), 
Mr. W. F. Marwood, C.B. (Railway Department, the Board of Trade), 
Mr. H. E. Wimperis (Member of Council), Mr. W. Cramp (Chairman of 
the Manchester Local Section), Professor H. L. Callendar, F.R.S. (Presi- 
dent of the Physical Society), Dr. W. N. Shaw, F.R.S. (Director of the 
Meteorological Office), Dr. R. Messel (President of the Society of 
Chemical Industry), Mr. M. J. Railing (Chairman of the Birmingham 
Local Section), Professor J. J. Dobbie, F.R.S. (Principal of the Govern- 
ment Laboratories), Mr. T. G. White (Secretary of the New South 
Wales Government Department) Mr. P. V. McMahon (Member of 
Council), Mr. F. W. Dyson, F.R.S. (the Astronomer Royal), Mr. W. H. 
Patchell (Vice-President), and Mr. P. F. Rowell (Secretary). 

The PRESIDENT gave the toasts of “ His Majesty the King,” and of 
“ Her Majesty the Queen, Queen Alexandra, His Royal Highness the 
Prince of Wales, and the other members of the Royal Family." 

The Right Hon. LoRD ALVERSTONE, G.C.M.G. (Lord Chief Justice), 
in proposing the toast of the Institution, said: I must in a very few 
sentences wish prosperity to this most flourishing Institution. It is one 
of the two Institutions that I joined as a Life Member, in hopes that it 
would soon come to an end and there would be a distribution of its funds. 
But I am delighted to say that that event is in the very far distance. I 
notice from the Annual Report that the Institution now has 4,350 more 
Members, Associate Members, Associates, and Students than when I 
joined, and it therefore seems to me that the event I longed for is not 
likely to occur in my lifetime. Gentlemen, this Institution has had 
already a very distinguished career, and it seems to me that its success 
is due largely to the fact that it adapts itself to modern requirements. 
You not only deal with the theoretical study of electricity in its 
numerous branches, but you have the practical working of electricity 
to take into consideration. You have now to deal with the extraordinary 
development in the use of electrical power; and you have not only 
telegraphs and telephones, but electrical tramways and electrical 
railways. I do notat present see much sign of electricity having much 
to do with aeroplanes, but I will not prophesy, because I am likely to 
be wrong. Why is it that this Institution has been such a success? In 
my judgment it is because it has commanded the support, the influence, 
and the services of the distinguished men of the profession during the 
forty years that it has been in existence. I will not refer to any living 
person, though there are many members of the Council now living of 
almost as great distinction as those I am about to refer to, and I am grati- 
fied and glad to know that this Institution still commands the support of 
the leaders in electrical knowledge and electrical thought. But when I 
mention to you six names of Past Presidents you will see what I mean 
when I say that this Institution had the benefit in past years of some of 
the greatest men in science this country has ever seen. I refer to one 
who was an intimate friend of my father and myself, the late Sir 
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William Siemens, one of the most remarkable men from the point of 
view of invention and science that either Germany or this country ever 
saw. I am delighted to know that a gentleman of that name is still 
amongst the distinguished Members of your Council, and one who has 
been a Past President. I remind you of Latimer Clark, one of the 
pioneers in Atlantic telegraphy ; and I couple with him the name of 
Sir Charles Bright, himself also one of the men engaged on the first 
cable across the Atlantic. Then there is my distinguished friend, called 
away too early, John Hopkinson, one of the brightest intellects and 
enlightened characters that I ever knew ; and that very distinguished 
man, Professor Ayrton, also called away too early. I have left one 
name because it is the greatest of them all, a leader of men in electrical 
and other science. The great Lord Kelvin honoured this Institution 
not only by being a member of it, but by three times serving in the 
office of President. I am glad to know, as I have already said, that 
the Institution commands the support, and has the advantage of the 
guidance, of the distinguished men of the present day in electrical 
science, and I have no doubt that its career in the future will be as 
successful as it has been in the past. I ask you, gentlemen, to join with 
me in drinking the health of the Institution, and I couple with that 
toast the name of the President, Mr. Ferranti, who is now entering on 
his second vear of office. 

The PRESIDENT (Mr. S. Z. de Ferranti), in responding to the toast, 
said : I must first of all tell you how great an honour I consider it is to 
have the privilege of being here during a second year of office to 
address you at your Annual Dinner. It is indeed a great honour to be 
President of this Institution, as it is an honour to be even a Member of 
your Council. This honour, however, carries with it a grave responsi- 
bility—a responsibility that one must feel very keenly indeed. We are 
passing through different phases of electrical development, and in so 
doing we see that we have different things to do and different ideas to 
look after from those which had to be attended to in the past. In this 
changed state of affairs, when electricitv as you know it in the Institu- 
tion, is not merely a scientific thing which can be dealt with by means 
of reading, listening to, and discussing scientific papers ; when it is no 
longer confined to that particular portion of electricity owing to the 
changes which are taking place, I feel that the Institution is developing 
into, and must develop into, the guardian of the electrical interests ‹ f 
the country. With that idea in mind vou can see what I mean when I 
refer to the feeling of responsibility on the part of the principal officers 
of the Institution. The Institution has already done something in the 
direction of looking after electrical interests, and it has very much 
more before it to do. Perhaps the most important thing that it can do, 
in the first case, is to persuade the electrical industry, where they do 
not already realise it, that there are no divergent interests ; that we are 
all working for a common cause, and that success in that cause must 
be to the advantage of every one of those concerned in this Institution. 
That is a thing which can only be brought about in time, this feeling of 
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union between the different interests which are developing electrical 
work. If circumstances arise, perhaps shortly, perhaps later on, which 
make you feel that one branch of the industry or the profession is on 
one side and another branch is on the other, I hope you will then stop 
to think of what has been said to-night, and you will remember that 
after all, though perhaps there are apparently divergent views for the 
moment, you are really fighting in the same cause, namely, the develop- 
ment and progress of electricity. Тһе Institution is, I think, most 
happy ir the result of the step it took some few years ago, when it 
initiated the policy of having its own building. The first step in the 
unification of electrical interests has been brought about by the very 
facility which our Institution has been able to give to almost all 
electrical interests to meet at its headquarters ; and by the very fact of 
these different interests meeting at our headquarters it has shown by 
the best lesson possible that they are all striving after the same end. 
You will be pleased to know that at our building on the Embankment 
the Institution of Post Office Electrical Engineers has met; the Muni- 
cipal Electrical Association has also met there, and several other 
Societies, such as the Faraday Society, and the Róntgen Society. Then 
the following Associations have held meetings in our building: The 
National Electrical Manufacturers, the Electrical Contractors, the 
Association of Municipal Engineers of Greater London, the Junior 
Institution of Engineers, the Society of Engineers, and the Committee for 
the Protection of Electrical Interests, the Committee which has in hand 
the publicity of electrical work for its greater development, especially 
in London, and the country generally. I think it has been a most 
happy, a most fortunate thing that you, as the Institution of Electrical 
Engineers, have been able to promote development and harmony in 
these other branches of electrical work. There is another great work 
which has been going on ; it is not actually new, but it is an old thing 
in a new light. We have always had powers to have amongst our 
membership those interested in the development and progress of 
electricity. They need not be purely scientists or purely technical men. 
On the other hand, this idea has not been recognised sufficiently fully 
or to the extent necessary to make the idea advantageous. Now we 
have a new spirit, or the old idea in a new form ; and many of us feel 
—] am sure most of us—that we want to broaden our basis so as to 
take into our Society all those whose work is concerned with the 
development and progress of electrical enterprise. I am sure that, 
from a scientific point of view, we shall lose nothing by such a pro- 
cedure, ard from the point of view of benefiting the development of 
electricity in this country I am sure we must gain immensely. That is 
a work which is going on; it is a work which has had the earnest 
attention of your Council now for some time as to how it is best to be 
carried out ; and I am sure that when full provision has been made, 
and this provision has been acted upon, the Institution will be so much 
the more useful, so much the stronger by the change that has been 
brought about. In this country electricity has been handicapped in 
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many ways. I will not enter into that question now, but it is one of the 
reasons why we have not had so far a greater development than has 
taken place. One of these handicaps, one of these means of retarding 
progress, has been the very great difficulty in the getting of wayleaves 
to take electricity about the country. We are handicapped more than 
any other country in the world in this way; and I for myself cannot 
see any reason why we should suffer in this way, or for whose good it 
can possibly be. Your Council took up this question some time ago, 
and they have been looking into it with the view to seeing how matters 
could best be improved ; how first to educate the community on the 
subject, and how afterwards to take effect of the knowledge which they 
are in a position to give. I hope that in the future the continuation of 
this work may bear fruit. Again, another thing which undoubtedly 
stops development at the rate that one would like to see is the 
question of the price of electricity. This, of course, is not the only 
thing which stops electrical development, but it stands to reason that it 
is one of the influences, and that it is the most important one of them 
all. Itis largely due to the unfair way in which electrical enterprises 
have been treated, by reason of which they have been so handicapped, 
that they have not been able to work to the best advantage. Still, we 
hope to be able to show by papers, and perhaps lectures and different 
educational work, that the salvation of electrical supply lies in 
cheapening it, and doing it on an immensely greater scale. All of us 
who are concerned in the success of electrical work will, I am sure, 
benefit if the Institution can do anything to bring about such a result as 
this. You will remember that some time ago it was felt there was no 
one to look after electrical interests in this country, and a very influential 
and large Committee was formed, having the title of “ The Committee 
for the Protection of Electrical Interests." That Committee has for 
some time past been considering the matter and seeing how best they 
could help. I am pleased to say that that Committee is in process, shall 
I say, of absorption by the Institution, or making an arrangement for 
working with the Institution, so that the results it arrives at can be put 
into effect and forced on by the whole power which the Institution has 
behind it. I am sure that this will be most beneficial. There is another 
thing we have in our minds, and on which I hope you will also agree 
with me. There are various interests represented by our Institution, 
though, as I say, none of them are divergent, but still they are distinct 
interests. The different sections of our membership have different 
requirements. I believe that it is the business of the Council of the 
Institution to see what are the various interests of these different 
sections, and if those interests are fair and reasonable to bring the 
whole weight of the Institution to bear to help each particular section 
as it requires help. I hope that the spirit of good understanding will 
prevail among you ; that you will all work for the one cause of progress 
in electrical development which is so dear to us; and if the Institution 
can do anything to help in this direction, I am sure that it has a bright 
future before it; that you will all be grateful to it, and that we shall all 
benefit by it. 
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Professor SILVANUS P. THOMPSON, F.R.S. (Past-President), in pro- 
posing the toast of ‘Our Guests,” said :—Mr. President, My Lords 
and Gentlemen: In the absence of our revered Past President, Mr. 
Spagnoletti, and by grace of another Past-President, Mr. Alexander 
Siemens, I am permitted in the place of the Senior Past-President to 
propose the next toast. This Institution has always made a practice of 
inviting to its board guests who it believed would be an honour to us 
in coming here, and who might possibly learn something of the ways 
of electrical engineers. We have been unusually fortunate to-night, 
fortunate as we have been almost alwavs in securing guests of great 
eminence. But we are here specially this year to support the policy of 
our President. He laid down, when he took office, a distinct line of 
policy, trying to open out the avenues of usefulness of this Institution 
in larger ways. There is not one of us who would not support our 
President in the idea that our Institution is to be made of more use in 
the world, and of greater fame ; and if we are to be of more use in the 
world as electrical engineers it must needs be that we associate with 
ourselves those who are powerful of influence in the wider world in 
many walks of life. If we are to have that general recognition of the 
usefulness of electricity ; if the programme of * electricity for all and 
everything by electricity " is to be carried out, it must be because we 
enlist the sympathies, the services, the co-operation of others than 
ourselves, of those in whom we recognise representatives in our guests 
to-night. I need not enlarge on the great success which has attended 
the invitations that we have sent to our guests, and as we have them 
here we cannot do better than drink their health and wish them all long 
life and many days. 

The Кіснт Hon. Sir GeorGE Н. Rep, P.C, G.C.M.G. (High 
Commissioner for the Commonwealth of Australia), responded on 
behalf of the guests. 
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Proceedings of the Five Hundred and Thirtieth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held on Thursday, 11th 


January, 1912—Mr. W. DuppeLL, F.R.S., Vice- 
President, in the chair. 


The minutes of the Ordinary General Meeting, held on 14th 
December, 1911, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Hall. 


The following list of transfers was announced as having been 
approved by the Council :— 
TRANSFERS. 

From the class of Associate Members to that of Members :— 
Frederick M. Nicholl. Edward A. Shrimpton. 
Francis C. Polden. Arthur A. Watkins. 

From the class of Associates to that of Associate Members :-—- 


Vero M. Allen. Frederick H. Rudd. 


John H. Bunting. Albert C. Soutter. 
Harold R. G. Forster. | john F. Tester. 
Herbert W. Ridley. | Harold West. 


James Cooper Wilson. 
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From the class of Students to that of Associate Members :— 


Arthur R. Alderson. | Frank М. Lines. 
James E. Andrews. | Francis Eden Meade. 
Russell H. Bartley. Edward H. Pollett. 
Edgcumbe R. Brighten. Albert Rushton. 
Arthur W. Brown. | John Ambrose Sadd. 
William F. Brown. | George H. Sargent. 
William Browning. | Arnold Southall. 
Albert E. Clayton. | R. J. Spencer-Phillips. 
William W. Greenwood. Claude S. Tavlor. 
Roger Ernest Grime. Frank E. Tilley. 
Walter F. Higgs. Bernard A. Tubini. 


Messrs. R. Grigg and G. C. Allingham were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
As Members. 


Joseph Grosselin. | | Robert Francis Hayward. 


As Associale Members. 


Herbert Bailey. | Lieut. Charles Horace Malden, 
John М. М. Booth. | R.M.L.I. 
William Howard Buswell. | Daniel Nordwald. 


Harry Charles Osborne. 

Lewis Owen. 

Gian Giacomo Ponti. 

Lieut. Walter C. H. Prichard, 
R.E. 

Norman Brooke Radcliffe. 


Cecil Leonard Cartwright. 
Frederick Charles Clarke. 
Sydney Cohen. 

Charles Ernest Gray. 

Rowland Austin Harris. 
Raymond A. Harrison- Watson. 
Frank de Betham Hart. Thomas Edward P. Stretche. 
John Stringer Hinchliffe. Joseph Bow Tannahill. 
Freeman Horn. Robert Arthur Williams. 


As Students. 


Edwin James Barnett. | Charles Lizars Dobbie. 
Walter Harold Beddy. Joseph P. Duggan. 

Douglas Joseph Bolton. Robert James C. Durant. 
Harry Booker. | Cyril Arthur I. Elkins. 
Arthur Stanley Bruce. Edward Frederick Evenden. 
Leonard Charles Budd. John Reid Fletcher. 

George Hill Campbell. James Forbes. 

Walter Henry Chatten. Johan Gustaaf A. Gerritt. 
Thomas John C. Clark. | William Gilbert. 

Peter Nisbet Cunningham. Rupert Waldemar Goetze. 


William Henry Date. | Douglas Cecil Goodswin. 
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ELECTIONS—contd. 


Vincente Gutierrez. ! Arthur Harold Perrett. 
Horace Hector H. Headwards. David Poe. 


Harold Hobson. James Nisbet Robertson. 


| 
Charles Р. Higham. | Arthur Edward Power. 
| 
Atholl Charles Howard. | Burgess Evelyn C. Robinson. 


Forbes Jackson. Frank Davis Shaw. 
Cyril William Millar. | Eric Conrad Н. Slater. 
Frederick Burrell Morfitt. Bertram Allen Turner. 
Alexander Michael Morrison. Clement Ralph Turner. 
Amulya Charan Mukhejec. | Albert Ernest Turnham. 
Gerald Richard Nichols. | John Trevor Weston. 
Norman Edwin Paine. | Thomas Davis Williams. 
Montague James Pattison. ! Andrew Yates Young. 


Donations to the Library were announced as having been received 
since the last meeting from J. W. Barber, C. Bright, F.R.S.E., F. Broad- 
bent, Gauthier-Villars, K. Hedges, W. Matthews, Max Kohl, A.-G. ; 
J. D. Milne, Hon. R. С. Parsons, the Physical Society of London, 
S. Rentell, and F. Wigglesworth & Co., Ltd.; to the Museum from W. 
Duddell, F.R.S., the National Telephone Company, and J. C. Chambers ; 
to the Building Fund from J. Н. Garratt and W. Т. Taylor ; and to 
the Benevolent Fund from W. Duddell, F.R.S., J. G. Lorrain, A. E. A. 
Ridgway, and C. H. Wordingham, to whom the thanks of the meeting 
were duly accorded. 

The following paper, “Some General Principles involved in the 
Electrical Driving of Rolling Mills,” by C. Antony Ablett, B.Sc., was read 
and discussed (see page 592), and the meeting adjourned at 9.55 p.m. 
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SOME GENERAL PRINCIPLES INVOLVED IN THE 
ELECTRICAL DRIVING OF ROLLING MILLS. 


By C. ANTONY ABLETT, B.Sc. 


(Paper received 26th September, 1911, received in final form 22nd February, 
1012. Read before THE INSTITUTION ПЁ Sanuary, 1912, before the 
YORKSHIRE LOCAL SECTION 10 Fanuary, before the NEWCASTLE LOCAL 
SECTION 26fh February, 1912, and before the BIRMINGHAM LOCAL SECTION 
27th March, 1912.) 


INTRODUCTION. 


The power which is required to drive a rolling mill generally varies 
rapidly between wide limits, while the condition that power should be 
generated cheaply 15 that the demand made for power on the generating 
plant should be maintained steadily at the full capacity of that gene- 
rating plant. 

To ensure that the working costs of a rolling mill should be low, 
means must be found for reducing the fluctuations in the power 
required to drive the mill, care being taken in doing this that the 
capital cost of the plant is not unduly increased nor is the possible out- 
put reduced. 

Any reduction of the possible output is equivalent to an increase in 
the working cost, as the capital charges per ton are increased. 

The variations in power are reduced by employing a flywheel in 
conjunction with the electric motor which is used to drive the rolling 
mill, and by providing some device for reducing the speed of the motor 
and flywheel to enable the flywheel to give out some of its stored 
energy when the demand for power is great, so as to reduce the power 
which has to be furnished by the motor. 

When the demand for power js small the motor will speed up the 
flywheel, thereby replacing its stored energy ; this increases the power 
which the motor has to supply when the demand made by the mill is 
small, and therefore reduces the total variation in power. 

In making the above general observations, it must be borne in mind 
that the character of the variations in the power which is required to 
drive the rolling mill depends on the type of mill to be driven. 

Leaving large reversing rolling mills out of consideration, the largest 
variations in power occur in tin-plate and sheet mills. With merchant 
mills and bar mills the variations in power are less, while in the ordinary 
looping mill for rolling wire rod, where the rod may be in six pairs of 
rolls at once, and where a fresh rod is entered while the previous one is 
still in the rolls, the power required to drive the mill does not vary 
much. 
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A special case is that of a tyre mill, where the variations in power 
are considerable, but where the power demand remains pretty steady 
for nearly a minute, so that a flywheel would not prove of much benefit 
in reducing the fluctuations in power unless it were very heavy indeed. 

The remarks about power generation apply to the case of a works 
generating its own power. Where power is being bought from a power 
company the system of charging may considerably modify the arrange- 
ment of the drive to be adopted, in order to obtain the cheapest possible 
working costs. This point is entered into more fully later on. 


Ее 


ACTION OF MOTOR AND FLYWHEEL. 


It is stated above that in using a flywheel in conjunction with an 
electric motor some device must be adopted for reducing the speed 
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Fic. 1.—Typical Case showing Variation in Power of a Motor 
Driving a Sheet Mill. | 


when the demand for power is great. This point requires a little con- 
sideration. ‘lhe ordinary direct-current shunt-wound motor, or 3-phase 
induction motor running at light load, will fall in speed by, say, 
2 per cent. when it is required to give its full power. 

The stored energy of the flywheel varies as the square of the speed 
at which it is running, so that if a flywheel were used in conjunction 
with this motor it would only give up 4 per cent. of its stored energy as 
the power increases from light load to the full power of the motor. 
Continuing this argument further, suppose that the rolling mill required 
during а pass a power equivalent to 4 times the normal full-load power 
of the motor for a few seconds. Commercial motors will not give more 
than twice the normal full-load power for a few seconds without being 
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Horse Power. 
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Fic. 2.—Typical Case showing Variation in Power of a Motor 
Driving a Looping Mill. 
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Fic. 3.—Typical Case showing Variation in Power of a Motor 
Driving a Tyre Mill. 
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liable to injury, and to prevent this the circuit breaker is usually set to 
open at the current corresponding to this power. The flywheel, there- 
fore, has to furnish the power which is in excess of that which the 
motor can give. 

In the case considered, the motor would fall perhaps 5 or 6 per cent. 
in speed when the power increased from light load to double full-load 
power, so that the flywheel would only give up то or 12 per cent. of its 
stored energy. 

The flywheel would, therefore, have to be abnormally heavy, or 
else if a flywheel of a weight within the bounds of commercial possi- 
bility were adopted, the combination would be unable to cope with this 
demand for power, and the motor power would increase until the cir- 
cuit breaker opened. 

It is therefore necessary artificially to increase the fall in speed of 
‘the motor as the power which it has to give increases. If the speed 
falls by, say, 10 per cent. as the power increases from zero to full load, 
and, say, by 22 per cent. as the power increases to the double full-load 
power, the flywheel would have given up 39 per cent. of its stored 
energy by the time that the motor was giving double its normal full-load 
power, instead of from 10 to 12 per cent. А flywhecl, therefore, of 
moderate weight would materially assist the motor in overcoming 
heavy demands for power which last for a short time only. 

In practice the maximum power given by the motor would seldom 
be as much as double the normal power, nor would the motor power 
sink to zero, as even when nothing was being rolled the motor would 
still have to provide the power for overcoming the friction of the mill, 
which is considerable. 

There are two possible devices for artificially increasing the fall in 
speed of the motor as the power demanded increases. These are 
commonly spoken of as :— 


I. The permanent-slip regulator. 
2. The automatic-slip regulator. 


This last term is misleading because both devices perform their 
functions automatically, the difference between them being that with 
the first the amount of fall in speed or the slip steadily increases as the 
power increases, while with the latter the fall in speed increases 
suddenly after a definite power is attained. 

It would therefore be better to call these devices :— 


I. The continuous-slip regulator. 
2. The intermittent-slip regulator. 


For reasons explained later on, the continuous-slip regulator is the 
device which is more commonly used in practice. 

It should be explained that in the case of the direct-current motor 
the continuous-slip regulator consists of an ordinary compound winding 
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provided for the field-poles, while the intermittent-slip regulator con- 
sists of a system of relays which successively short circuit resistances 
in series with the shunt field winding, thus increasing the field and 
causing the speed to fall when the power has reached a certain pre- 
determined point. 

In the case of the 3-phase motor, the continuous-slip regulator 
consists of a resistance, liquid or metallic, permanently inserted in the 
rotor circuit, while the intermittent-slip regulator may consist either of 
a liquid resistance, the moving plates of which are controlled by a 
motor relay, so that the plates are raised and the rotor resistance 
increases when the current has reached a predetermined point, or a 
metallic resistance which has its various sections short-circuited by 
a series of relays, so arranged that these relays cut the resistance into 
the rotor circuit when the current has reached the predetermined 
limit. 

As the continuous and intermittent-slip regulators are essentially 
different in their action, it is desirable to consider the action of each 
in detail. 


CONTINUOUS-SLIP REGULATOR. 


For the sake of simplicity, it is assumed that the fall in speed of the 
motor or slip below no-load speed is proportional to the power which 
the motor is giving. This is not strictly true, but the modification of 
the results which this slightly erroneous assumption introduces will be 
considered later on. 

Within the limits of fall in speed or slip of the motor it can be 
assumed that the stored energy given up by the flywheel is proportional 
to the slip, without involving any large error, therefore the power given 
by the flywheel is proportional to the rate of change of the slip—that is, 
to the rate of change of the motor power. It will thus be seen that if 
a sudden increase of load is imposed on the motor and flywheel by 
entering а bar between the rolls, and a curve is constructed showing 
the increase of motor power with the time, this curve will be a 
logarithm curve ; while if the power required by the mill suddenly 
decreases owing to the bar leaving the rolls, the motor power decreases 
according to a logarithm curve. The curves showing the rise and fall 
in speed of the motor and flywheel are also corresponding logarithm 
curves. 

After the bar leaves the rolls the power which the motor gives 
while decreasing to the value corresponding to the friction goes to 
increase the speed of the flywheel, and so replaces its stored energy. 
These curves arc quite analogous to those for the heating and cooling 
of electrical machinery ; the power of the motor, howcver, rises to 
practically its full value in a few seconds, while the temperature of an 
electrical machine takes a number of hours to reach approximately its 
full value. We may illustrate this reasoning by mathematical symbols 
as follows :— 
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Let— 


P = power required to drive rolling mill when bar is between 
rolls. 
Ka = full-loadd power of motor. 
slip of motor at full load. 


v, == speed of motor at no load. 

v = speed at which motor is running at any particular time. 
$ = corresponding slip. 

I = moment of inertia of flywheel. 


2 
Stored energy of flywheel == E А 


supposing speed of flywheel is reduced from v, to v, 


I (00° — 7?) 


Stored energy given up — , 


or— 
: (v, + v) (v, d v) , 
2, — v is the slip s, and v, + v may be put equal to 2v without making 


much error. 
Stored energy given up by the flywheel is— 


Ivs; 


that is, the stored energy which has been given up is proportional to 
the slip. | 

The sum of the power given by the motor and the flywheel must be 
equal to the power required to drive the rolling mill. We can express 
this by the linear differential equation— 


és 
the solution of which is— 


Ki 
Motor power K, =P ( — € zi) 


showing that the motor power increases according to a logarithm 
curve. 

Similarly, when the bar is out of the rolls the motor power is equal 
to the power taken to speed up the flywheel, thereby restoring its 
stored energy, or— 


the solution of this is— 
Motor power K, — Pe їо, 


showing that when Баг is out of the rolls the motor power decreases 
also according to a logarithm curve: 
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The friction of the mill has been left out of these calculations for 
the sake of simplicity, but it can be very easily taken account of in 
drawing the curves by shifting the zero linc. 

The expression гы expressing the relation of motor power to flywheel 
capacity is the “time constant” in this case and is exactly analogous to 
the “time constant " in the case of the heating or cooling of electrical 
machinery. | 

The value of the time constant for a motor and flywheel, however, 
does not usually exceed аһош 33 seconds. The value of the time 
constant to be selected naturally depends on the type of mill. In a 
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Fic. 4.—Curves showing Variation of Motor Power and Specd for 50-, 
25-, and 124- ton Flywheels. Pass, 5 seconds; Interval, 5 seconds. 


sheet mill where the duration of the passes is very short the time 
constant need not be so big as in the case of a bar mill, where the 
finishing passes may take a considerable time. The greatest time 
constants are found in the case of motor and flywheel for the motor- 
generator set of an Ilgner electrically driven reversing rolling mill. 
Figs. 4, 5, 6, and 7 are drawn to show the rise and fall of the power 
of a motor provided with a continuous-slip regulator and used in con- 
junction with a flywheel, and to show how this variation of power 
changes as the respective times of the pass and interval change. 
In each case it is supposed that during each pass 500 H.P. is 
required to roll the bar and тоо Н.Р. to overcome the friction of the 
mill, so that a total of 600 H.P. is required during the pass, and the 
power falls to the friction load, namely 100 H.P., during the interval. 


1912.) DRIVING ОЕ ROLLING MILLS. 599 


Fig. 4 shows the case where the pass lasts 5 seconds and is suc- 
ceeded by an interval lasting 5 seconds. 

Fig. 5 shows the case where the pass lasts 5 seconds and is 
succeeded by an interval lasting 2} seconds. 

Fig. 6 shows the case where the pass lasts 24 seconds and is 
succeeded by an interval lasting 5 seconds. 

Fig. 7 shows the case where the pass lasts 15 seconds and is 
succeeded by an interval lasting 15 seconds. 

In each figure three curves are shown, the first supposing a flywheel 
weight of 50 tons, the second a weight of 25 tons, and the third 
12} tons, it being assumed that the continuous-slip regulator remains 
unaltered in each case. 

Since the energy which is taken from the flywheel during the pass 
is replaced again in the interval between passes, the average power for 
any particular figure remains the same whatever weight of flywheel is 
used, but the percentage variation of power and speed is less with the 
heavy wheel than with the light wheel. When the relation of the time 
of the pass to the time of the interval is changed the average power 
naturally changes, the average being less where the interval is long, 
and greater where the interval is short. 

The following table shows how the percentage variation in power 
changes with different weights of flywheel and with various durations 
of pass and interval :— 


Percentage Variation of Power. 


Average NEN 225: mS 
Power. 
5о-юп Wheel. on Wheel | 25 25-ton Wheel, | 124-ton Wheel. 
Horse-power. Per Cent. pem Per Cent. Per Cent. 
Fig. 4 (pass 5 
seconds, ter 350 142 545 
val 5 seconds 
Fig. 5 (pass 5) 
seconds, inter- 433 77 300 
val 24 seconds} 
Fig. 6 (pass 24) 
seconds, inter- - 267 12:6 p 48:5 
val 5 seconds! 
Fig. 7 (pass 15 | 
seconds, тег 350 48 760 1200 
val 15 seconds | | 
| 


In this table the percentage variation is expressed with relation to 
the average power. 

It is thus possible to obtain variations greater than тоо per cent. 

The table shows that the percentage variation of the power in- 
creases as the weight and consequently the stored energy of the 
flywheel decreases, but that this increase is not proportional to the 


Speed np.m., 


Horse Power. 
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decrease of stored energy, but increases at a slower rate than the stored 
energy decreases. 

Although for each particular figure the average power remains the 
same whether a light or a heavy flywheel is employed, a somewhat 
larger motor would be required with the light Нууһесі than with the 
heavy wheel, because the motor size is settled by the root mean square 
current and not by the average current, and where the variation of 
power is great the root mean square value is naturally greater than 
where the variation is small. 

In the curves shown in Fig. 7 the average power is 350 H.P. 


100 | Friction load m + 
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Fic. S.—Curves showing Variation of Motor Power and Speed for 50-, 
25-, and 124-ton Flywheels. Pass, 5 seconds ; Interval, 24 seconds. 


Where a 124-ton wheel is used, the root mean square power is 
379 H.P., so that a motor of this power would have to be installed. 

Where a 25-ton wheel is used the root mean square power is 
360 H.P. 

Where a 50-ton wheel is used the root mean square power is 
354 Н.Р. 

If no flywheel at all were used the root mean square power would 
be 430 Н.Р. 

Comparing the case where no flywheel at all is used with the case 
where a 25-ton flywheel is used, it will be seen that in the former the 
motor would have to be 20 per cent. larger. 

It should be noticed that the speed of the motor and flywheel rises 
and falls in accordance with the logarithm curves which vary inversely 
as the power. 
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If Figs. 5 and 6 are compared, it will be seen that in each case the 
actual amount by which the power varies is the same, but in Fig. 6 the 
percentage variation of power is much greater because the mean 
power is less. 

It will also be noticed that the power curves in Fig. 6 are exactly 
similar to those in Fig. 5, but they are turned upside down. This 
is merely a coincidence, because in one case the duration of the pass is 
twice the interval, while in the other case the duration of the interval is 
twice that of the pass, so that one case may be said to be the inverse of 
the other. 

If the slip of the motor were plotted instcad of the speed of the 
motor, the curves for increase and decrease of slip would be exactly 
similar to the power curves. 

Alarm is raised from time to time in cases where work is being 
carried on very rapidly so that there is only a very short interval 
between passes, to the effect that the flywheel may not have time to 
recover itself between the intervals and passes. Such alarm is entirely 
without foundation, and this is illustrated by Fig. 5. 

If the intervals are short, then naturally the average power increases, 
while the percentage variation of power is reduced. As the average 
power is increased the motor is supplying greater power to the 
flywheel during the interval, and although this interval may be short it 
is able to restore the stored energy of the flywheel. 

Fig. 7 shows that where the passes are long the flywheels are less 
effective in reducing variations of power than where the passes are 
short, because the time constant of the motor and flywheel become 
comparable with the length of the pass, so that the motor is giving 
nearly the full power required by the rolling mill towards the end 
of the pass, and the flywheel is not giving out much power. In such 
cases heavy flywheels are required if the percentage variation in power 
is to be kept small. 

The following general conclusions may be drawn from these 
curves, namely :— 


I. If the time during which the pass lasts is short, and the 
interval is also short, light flywheels will reduce the per- 
centage variation in power to a small value, while if the 
time of passes is long, and the intervals are also long, heavy 
flywheels are required. 

2. Where the time of the interval is short compared with the time 
of the pass a light flywheel will enable the percentage varia- 
tion of power to be kept moderate, but if the time of the 
interval is long compared with the time of the pass, the 
heavier flywheels must be used. 


In practice the question is not so simple because, as is pointed out 
later on, the various passes in rolling do&vn a billet to a definite section 
require widely differing powers, while the time of the passes and of 
the intervals also differ widely. 
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The effect of the errors introduced by the assumption made in the 
above theoretical considerations may now be considered. To simplify 
calculation, it was assumed that the stored energy given up by the 


flywheel is— 
Ivs, 


and not— 
#1( +); 


that is to say, the stored energy given up by the flywheel has been 
assumed to be rather too large, so that the variation of power will 
actually be somewhat larger than the calculated value. Ап error 
introduced in this way may be about 7 per cent. at the most. 
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Fic. 6.—Curves showing Variation of Motor Power and Speed for 50-, 
25-, and 124-ton Flywheels. Pass, 24 seconds ; Interval, 5 seconds. 


It has also been assumed that the decrease in speed of the motor is 
proportional to the power which the motor is giving—this also is not 
quite correct. In the case of a direct-current motor having a continuous- 
slip regulator, that is to say, a compound wound motor, the speed- 
power curve begins to approach that of a series motor, and as the load 
increases from light load the speed falls more rapidly at first than 
it does later on. The effect of this is to flatten the logarithm power 
curves for the rise and fall of power, making these curves approach 
more towards straight lines, and, in the case of passes of short duration, 
actually to reduce the variations of power. This effect becomes more 
marked as the compounding ofsthe motor is increased. 

With a 3-phase motor having a continuous-slip regulator—that 1s, 
a resistance connected permanently in the rotor circuit—the speed falls 
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less rapidly at first, when the power increases from light load, than it 
does later on. The effect of this is to increase the curvature of the 
logarithm power curves and to increase the variations of power in the 
case of passes of short duration. 

2 The consequence of this is that in certain cases a heavier flywheel 
must be used in conjunction with a 3-phase motor than with a direct- 
current motor, in order to obtain the same results. 

Figs. 4, 5, 6, and 7 will serve to illustrate the conditions of rise and 
fall of power entailed by the use of a continuous-slip regulator, but they 
do not in any way represent the conditions obtaining in a rolling mill. 

In any mill the bar is elongated in each pass so that each suc- 
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Fic. 7.—Curves showing Variation of Motor Power and Speed for 5о-, 
25-, and 124-ton Flywheels. Pass, 85 seconds; Interval, 15 seconds. 


cessive pass taken in the same pair of rolls takes a longer time than 
the previous pass. 

Frequently less draught is taken in each succeeding pass than in 
the previous pass, so that the tendency is for the power diagram to 
consist in the earlier passes of large powers lasting for a short time, 
and for the power gradually to diminish and the time to become 
longer as the later passes are reached. There are many exceptions 
to this, too numerous to be discussed here, but mention may be made 
of such cases as those where the bar cools rapidly, owing to the shape 
of its section being such as to present a large area in proportion to 
its weight, so that considerable powers are required for the later 
passes, or where heavy draughts must be taken in certain passes, so 
as properly to form the section, as, for instance, in the rolling of 
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wagon spokes, or in the case of a sheet or plate mill where the plate 
is turned at right angles after a few passes in order to broaden it, thus 
requiring a greater turning moment and thus a greater power, owing 
to the increased width of plate presented to the rolls. 
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Fig. 8 is an illustration of a practical case, being a series of curves 
obtained for a bar mill, and this serves to show the sort of variation 
of power and speed to be found in practice. 

It may be mentioned that the bar mill for which these curves were 
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Fic. 8.—Typical Example of the Variation of the Power and Speed of a Rolling Mill 


Motor under Practical Conditions, 
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Fic, 9..—Curve showing the Benefit of а Permanent Slip Regulator for a Sheet Mill. 
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drawn had two stands of rolls, a roughing stand and a finishing stand, 
and as bars may be in both stands at the same time, account has to be 
taken of the power required when two passes come simultaneously. 

The plain rectangles show the powers required by the passes in the 
roughing mill, the dot-shaded rectangles show the powers required by 
the passes in the finishing mill, and the shaded rectangles show the 
amount by which the total power is increased by adding the powers 
taken by the roughing mill passes to the powers taken by the finishing 
mill passes. 

The curved lines show the motor power which reaches 620 Н.Р. 
as a maximum, although in one case, where two bars are in the rolls 
together, the mill requires 1,220 H.P., while the minimum value is 
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Fic. 10.—Diagram of Type of Intermittent Slip Regulator suitable 
for Direct-current Motors. 


295 H.P. As the mean horse-power is 424, the percentage variation 
is 76 per cent. If no flywheel were used the percentage variation 
would be 267 per cent. This practical example illustrates the benefit 
of the flywheel in a striking manner, which is also shown by Fig. 9, 
in which the curves were obtained from tests. 

Speed varations of 22 per cent. between no load and double full 
load have been mentioned above, but a little inspection of the curves 
on Figs. 4, 5, 6, 7, and 8 will show that no such speed variations may 
be expected in practice where the work at the mill is being carried out 
fairly steadily, because with steady working the power never comes 
down to no load, neither does it reach double full load except in very 
exceptional conditions, so that if the speed variation were 22 per cent. 
between no load and double full load a much less speed variation 
would take place when working under practical conditions. In the 
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case of Fig. 8 the speed variation of the motor is 20 per cent. between 
no load and full load, but in the curve the speed variation does not 
exceed r1'2 per cent. 


INTERMITTENT-SLIP REGULATOR. 


Fig. 10 shows a type of intermittent-slip regulator suitable for 
direct-current motors. This consists of a small motor relay which 
sets in operation a number of relays which successively connect 
resistances in parallel with the resistance placed in series with the shunt 
field of the motor. The field of the motor relay is excited by the 
main current passing through the mill motor armature. If the mill 
motor is small the main current passes through this field, but if the 
main current is too big the field is placed across a shunt placed in the 
mill motor circuit. 

The armature of this motor relay is excited by a pressure winding 
which is placed across the mains supplying the main mill motor. The 
armature is restrained from moving by means of a spring, so arranged 
that when the current in the main circuit exceeds a certain value, 
the turning moment of the armature of the motor relay overbalances 
the spring, so that the armature makes a slight movement. This move- 
ment of the armature successively makes contact with a number of 
fingers, which energise the relays, which successively connect resist- 
ances in parallel with the resistance in the main motor shunt field. 

Fig. 11 shows a form of intermittent-slip regulator adapted for use 
with 3-phase motors. This consists of three liquid resistances with 
moveable plates, one placed in each phase of the rotor circuit. A motor 
relay is provided in this case, the windings of the motor stator being 
either, in series with the mains supplying the main mill motor or else 
supplied through a current transformer. 

The rotor of this motor relay is prevented from moving, either by a 
spring or by a weight slung from a band passing over a pulley on the 
motor shaft. When the current in the main motor exceeds a certain 
predetermined value the turning moment given by the motor relay 
overbalances either the spring or the weights, allowing the armature to 
turn а certain amount, thereby raising the plates іп the liquid resistance 
by means of a belt passing over another pulley on the motor shaft. 
The raising of these plates increases the resistance in the rotor circuit 
of the mill motor, thereby causing it to fall in speed. 

Such intermittent-slip regulators do not find much application, 
because they are not rapid cnough in their action to deal with the 
extremely rapid fluctuations in power occurring in most rolling mills. 

The action of the intermittent-slip regulator is very different from 
that of the continuous-slip regulator. This intermittent regulator 
comes into action when the power given by the motor attains a certain 
value, and when this point is reached a very slight increase in 
power indeed will cause the intermittent-slip regulator to act to its 
fullest extent. 
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Theoreticallv speaking, therefore, the power can be maintained at 
its average value with u deviation of perhaps less than 1 per cent., 
so that the power curve is practically a straight line, and does not 
rise and fall in accordance with logarithm curves, as is the case 
with the continuous-slip regulator. 

Further, it has been shown tbat with such variations in speed of the 
motor and flywheel as are permissible in practice, the stored energy 
given out by the flywheel is proportional to the fall in speed. Assum- 
ing, therefore, that constant power is required throughout the pass when 
a bar is between the rolls, and as the power given by the motor is 
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FIG. 12.—Intermittent Slip Regulator—Theoretical Action. Variation 
of Motor Power and Speed for 50-, 25-, and 124-ton Flywheels. 
Pass, 5 seconds ; Interval, 5 seconds. 


practically constant, the power given by the flywheel will also be 
practically constant. That is to say, in each small interval of time the 
same amount of stored energy is to be given out by the flywheel. The 
speed will therefore fall during the passin accordance with the straight- 
line law, and will rise again in the interval between passes, also in 
accordance with the straight-line law, and there will be no logarithm 
curves for the rise and fall in speed as is the case with the continuous- 
slip regulator. 

Fig. 12 1s drawn to show the theoretical behaviour of the motor and 
flywheel when provided with the automatic-slip regulator, supposing, 
as in the case of Fig. 4, that a power of соо H.P. is demanded for 5 
seconds, followed by a 5-second interval, and then succeeded by an- 
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other pass demanding оо Н.Р. for 5 seconds. Three curves of speed 
are also shown for fywheel weights of 50 tons, 25 tons, and 124 tons, 
from which it will be seen that the variation in speed is proportional to 
the weight of the flywheel. 

The above considerations of the behaviour of the intermittent-slip 
regulator are based on purely theoretical grounds, and on these theo- 
retical grounds it appears to be a very ideal mechanism as compared 
with the continuous-slip regulator. Engineers who have taken account 
of the theoretical behaviour without paying sufficient attention to the 
practical side, are tempted to think that the intermittent-slip regulator 
is the proper mechanism to use in every case of a motor in conjunction 
with a flywheel driving a rolling mill. 
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Fic. 13.—Intermittent Slip Regulator—Action in Practice. Variation 
of Motor Power and Speed for 50-, 25-, and 124-ton Flywheels. 
Pass, 5 seconds ; Interval, 5 seconds. 


In practice one may say that the great difficulty with the inter- 
mittent-slip regulator is that it is comparatively slow in coming into 
operation on account of the inertia of the various moving parts. Such 
slip regulators often take from 1 to 2 seconds to come into operation, 
and as the power demanded from a rolling mill motor increases practi- 
cally instantaneously when the rolls bite the bar, the power will rise to 
its maximum value before the intermittent-slip regulator can come into 
operation. Thus, instead of reducing the power to the mean value, 
as would appear to be the action of the automatic-slip regulator 
from theoretical considerations, it actually is the means of pro- 
ducing very bad peaks indeed. 

Fig. 13 illustrates the practical operation of the intermittent-slip 
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regulator under the same conditions as shown in Fig. 12, which 15 
drawn from theoretical considerations, and Fig. 13 serves to show how 
the intermittent-slip regulator can allow the power given by the motor 
to rise to the maximum value that is demanded by the rolls, thereby 
producing very bad peaks. 

In many cases, particularly that of the earlier passes of a roughing 
mill, which is roughing down billets іп order to feed an ordinary mer- 
chant mill, the passes are of much shorter duration than the 5 seconds 
shown in Fig. 12, and may easily be of less than 1 second duration. In 
such a case the intermittent-slip regulator would be absolutely useless, 
and unless a very large motor were provided the circuit breaker would 
be continually coming out. 

The case of a looping mill rolling wire rod, which is shown in Fig. 2, 
would be a good one for the installation of the intermittent-slip 
regulator, because the power demanded from the motor does not rise 
suddenly but gradually as the rod is looped into the various pairs of 
rolls; and the power demanded also increases gradually, so that it 
gives time for the intermittent-slip regulator to come into operation. 

The intermittent-slip regulator also finds application for regulating 
the speed of the flywheel motor-generator sct for supplying an clec- 
trically driven reversing rolling mill on the Ilgner system. 

Where a 3-phase rolling mill motor is used, and where the con- 
tinuous-slip regulator consists of a resistance permanently in the rotor 
circuit, while the intermittent-slip regulator consists of a resistance 
which is inserted into the rotor circuit after the power rcaches a 
definite value, the use of these resistances entails a certain waste of 
power proportional to the amount by which the speed falls, and it 
would appear at first sight that the waste of power should be less 
with the intermittent-slip regulator than with the continuous-slip 
regulator, because with the intermittent-slip regulator the resistance 
is not always in circuit. Careful tests have shown that this is not 
the case, and that there is practically no difference between the loss 
' of power taking place in either form of slip regulator. 

A little consideration will show that this must be so, because in 
the case of the intermittent-slip regulator the resistances are brought 
into circuit where the powers are large, and where a considerable 
fall in speed is desired, and also that when the resistances are brought 
into circuit there is a greater fall in speed with the intermittent-slip 
regulator than with the continuous-slip regulator, so that when the 
intermittent-slip regulator is in operation it causes a larger loss of 
power than the continuous-slip regulator, but the intermittent-slip 
regulator only cuts the resistances out of circuit when the power, 
and consequently possible loss of power, is small. 


ARRANGEMENT OF MoTOR AND FLYWHEEL TO SUIT POWER SUPPLY. 


The choice of the power of a rolling mill motor and of the weight 
of the flywheel used in conjunction with it, so as to obtain that 


1912.) DRIVING OF ROLLING MILLS. 611 


relation between motor power and weight of flywheel that will reduce 
the cost of power to a minimum, depends on whether power is being 
generated in a power house in the works, or whether power is being 
purchased from outside; and in the latter case there are various 
systems of charging for power which materially affect the most 
favourable proportions between motor and flywheel to be adopted. 
Some typical cases showing how the system of payment affects these 
proportions will be considered. 

Attention must also be called to the case where there are a number 
of rolling mills in one works, all of which are doing somewhat similar 
work, and which will usually all be working together. Here the 
probability is greatly in favour of the variations in the power taken 
by the various rolling mill motors balancing one another, so that the 
total power required remains at a fairly constant value, even although 
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flywheels of quite moderate weight are used with the mill motors. 
Fig. 14 shows some test results which illustrate this natural balancing. 

This fact of natural balancing is fully borne out by practical 
experience, and such a case is an ideal one for cheap electrical driving. 

I. Power generated within Works.—In this case the power to 
be supplied by the power station should be kept as constant as 
possible. If there are only one or two rolling mill motors and 
a considerable amount of small machinery of which the power 
demand will keep fairly constant, the rolling mill motors will tend 
to cause considerable fluctuations of power, and to ensure that power 
is being generated cheaply in the power station these fluctuations 
must be reduced as far as possible by using heavy flywheels with 
the mill motors, and by arranging the slip regulators so as to allow 
as much fall in speed as is consistent with obtaining the output 
from the mills, so that as much of the stored energy of the flywheels 
as possible may be available for reducing fluctuations in the power. 
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There is a definite economic limit to the weight which may be 
adopted for the fly wheels because increase in the weight increases 
both the frictional losses and the capital charges on the plant, and 
a point will be reached where the increase in running costs due 
to these frictional losses and increased capital charges will balance 
the saving effected by running the generating plant at constant load. 

If, on the other hand, there are a large number of rolling mills, 
all of which are likely to be working simultaneously, it would bc 
advantageous under certain conditions to proceed to the other 
extreme and to reduce the flywheel weight, relying on the natural 
balancing effect to keep the load constant. 

Theoretically it would be possible to dispense with flywheels 
altogether, but this would require that the size of the driving motors 
should be considerably increased, and it would be found cheaper 
to install a moderate size motor with a moderate weight of flywheel 
rather than a large motor and no flywheel at all. 

This reduction in the weight of the flywheels would reduce the 
capital charges on the plant, and by reducing the frictional losses 
would reduce the total power required. 

In some special cases where there is a large number of mills 
working simultaneously, natural balancing is very difficult to obtain, 
as in the case of hot mills for rolling tin-plates, where the motors 
are only giving their maximum power for a very small fraction of 
the total time, and in such cases it is necessary to use heavy flywheels. 

2. Power purchased from a Supply Authority on the Maximum Demand 
Syslem where Instantancous Peaks are Registered.—This case is similar to 
the above, as means must be adopted for keeping the power as near to 
the average value as practicable. 

The following example will show the saving to be effected by keep- 
ing the power to the average value. 

At a certain works where a small mill is being driven, the maximum 
instantaneous demand is about 260 k.w., while the average number of 
units taken per month is about 25,600. Payment is made reckoning 
the maximum demand over 75 hours per month at 1d. per unit and the 
remainder of the power at ү; of 1d. per unit. The total cost of power 
therefore works out at £91 3s. 4d. per month. 

If, however, the power during the working hours was reduced to 
the average—that is to say, to 53 k.w.—payment would be made for 
53 X 75 units at 1d. per unit and for 21,600 units at y of та. per unit, 
so that the cost of power per month would be £52 r2s. 

If, therefore, it were possible to keep the power at the average 
value, a saving of £38 11s. 4d. per month would be made, or £462 16s. 
per annum. 

While this case is rather an extreme case, it shows that if a suitably 
heavy flywheel and a slip regulator were installed to reduce the power 
to the average, a very large saving would be made after paying the 
capital charges on this flywheel, etc. 

3. Power purchased from a Supply Authority at a Flat Rate for the 
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Number of Units Consumed.—In this case all friction losses should be 
kept as low as possible in order to reduce the total number of units 
consumed, while there is no object in attempting to prevent variations 
in the power. 

If motors large enough to deal with the largest power required by 
the rolling mill should be installed without any flywheel at all the 
friction losses would be reduced to a minimum, giving the cheapest 
possible power costs, while the maximum possible output could be 
obtained from the mill on account of the steady speed at which it 
would run. Such large motors, however, would prove more expensive 
in capital cost than a more moderate size motor used in conjunction 
with a flywheel of moderate weight, and it could not be gencrally 
stated that the saving in power costs due to the reduction of friction 
by doing without a flywheel altogether would justify the additional 
Capital outlay, although if a large tonnage from the mill were con- 
sidered essential the extra capital outlay might then easily be justified. 
It may be said, however, that in such a case the general tendency 
would be to reduce the flywheel weight and to increase the motor 
power. 

4. Power purchased from a Supply Authority on the Maximum Demand 
System where Peaks of several Minutes duration only are taken account of. 
—This system of charging 1s much in favour with the various supply 
authorities, and the remarks made with regard to case 3 apply to this 
case also. 

The variations in power required by most rolling mill motors are 
very rapid and the peaks last for a matter of a few seconds only, 
so that they will not be registered by the maximum demand indicator. 

Care should be taken that the hourly output of the mill is kept as 
steady as possible, for if the mill were worked rapidly for an hour or 
two and then there was a long wait for billets to heat in the furnace, 
or for some other cause, this period of rapid rolling would be found to 
affect the cost of power very adversely. This, however, is a matter for 
the mill manager and does not affect the arrangement of the driving 
plant. 


THE ILGNER SYSTEM FOR DRIVING LARGE 3-HIGH MILLS. 


In the preceding sections of this paper, reference has been made 
to the necessity for a mill motor, when used in conjunction with a 
flywheel, to fall in speed when the power demand is large, so as to 
enable the flywheel to give up some of its stored energy, and attention 
has been drawn to the fact that this causes a diminution in the tonnage 
which the mill can roll. 

The speed of a rolling mill is settled by the first passes in the 
roughing rolls, because in these passes the billet is very short, and if it 
is thrown out at a high speed it becomes very difficult for the men 
to catch it. During these passes, while the actual power taken 
may be large, the time of the pass is short, so that the amount of 
energy consumed is comparatively small and the flywheel does not. 
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have to give up much stored energy, and so the speed vof the mill 
is maintained practically at full speed. 

In the latter passes where the bar has become elongated to a 
considerable length, the time taken by the pass is considerable—half 
a minute or so—and while the power may not be very great the 
amount of energy consumed is considerable, and the flywheel will 


I20 
OTIO 
2 


$оеео' __ 


2100 
Е ао 
а 


70 
> SS МАЙРА ee ЕУР. | Un CO qm — : 
ac 996 o5 ro жақ 2 bene zo o 
x с , Time іп “minutes. 
~ ernie momenti Eve by 7/уттее/ . 
5C <. L. қ A " в " y v А - - 
À 
$40 
с . 30 ! 
х к 
e's 


Aywhee/ Аул 
50247 


MJ 


Metre tons 


NOTE. Metre ton = 3:28 fool tons. 


Еіс. 15.—Curve showing Tests on a Steam-driven Mill showing the Fall in 
Speed during the Finishing Passes. 


have to vary considerably in speed to give up the necessary amount 
of stored energy. 

In these last passes, where high speed is most desirable to get 
the bar through the rolls quickly on account of its great length. 
the speed of the motor has fallen to the lowest limit, and this causes the 
reduction of the tonnage which it is possible to roll. The reduction of 
tonnage due to this cause is more marked where the mill is engine 
driven than where it is motor driven, as is illustrated by Fig. 15. 

To overcome this difficulty several steel works have adopted the 
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Ilgner system for driving large 3-high mills—that is to say, the same 
type of electrical plant is used which is gencrally employed for 
driving reversing rolling mills. In this system the flywheel is not 
coupled to the mill, but is coupled to a motor-generator set which 
supplies current to the mill motor. As the mill motor runs at a 
constant speed whatever power it is required to give, there is no 
reduction in tonnage owing to reduction in speed in the mill, but the 
motor-generator set, instead of the rolling mill motor, varies in speed 
so that the flywheel can give up its stored energy when the power 
demand is great, and absorb energy when the demand is small, so as 
to reduce the variation in power taken from the supply system to a 
reasonable value. 

In such a case the motor driving the motor-generator set and the 
flywheel show variations of speed and power similar to those described 
in the earlier part of this paper for a mill motor and flywheel, except 
that in this case the variations in power are very much reduced ; 
partly because the motor-generator set runs at a comparatively high 
speed, so that the stored energy of the flywheel is very much increased, 
although its weight and cost may be much reduced, and partly because 
a much larger variation in speed is permissible, as there is no fear of 
reducing the tonnage of the mill by allowing the variations in speed to 
be too great, so that a much greater proportion of the stored energy of 
the flywheel сап be utilised to reduce power variations. 

It is obvious that by regulating the field current of the generator 
of the motor-generator set, the voltage of this machine may be varied, 
causing the speed of the mill motor to increase or decrease согге- 
spondingly, and as there is no flywheel coupled to the mill motor the 
speed of the mill motor may be increased or decreased very rapidly. 
In rolling down a billet or bloom, therefore, it is possible to drive the 
mill at such a speed that while the first passes are being made the 
billet can easily be caught, and then to increase the speed considerably 
for later passes where the billet has been rolled into a long bar, and 
where each pass takes a considerable time, so that the times of these 
long passes can be reduced. 

In this way the total time for rolling down each billet can be 
reduced, and the tonnage can be increased. The time taken by these 
later passes can still further be reduced by increasing the speed after 
the bar has entered the rolls and then decreasing the speed again 
before the bar leaves the rolls, so that it is not thrown out at too high 
a speed. 

By using the Ilgner system, therefore, the possible output from the 
mill can be increased beyond that which may be obtained if the mill 
motor were driven at a constant speed. 

The capital cost of the electrical plant for the Ilgner system of 
driving is considerably more than that of a plain motor and flywheel, 
but as the cost of the electrical plant is small in comparison with that 
of the mill and its various accessories, the use of the Ilgner system for 
driving such a 3-high mill may not increase the total capital cost of the 
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plant much. As this increase in capital cost enables a much larger 
output to be obtained, the use of the Ilgner system in such a case 
cheapens the cost of production by reducing the capital charges per 
ton rolled. 

The use of the Ilgner system increases the losses of power taking 
place in the electrical machines per day, because there are the 
electrical losses in the motor and the generator of the motor-generator 
set to be considered as well as those in the mill motor itself, but as a 
larger tonnage is being rolled in the day, and the bars are rolled so 
rapidly that they have not tiine to cool much, the units of electricity 
per ton rolled may be actually decreased in spite of this additional loss 
of power which is introduced. 

Where the Ilgner system is adopted, it is always possible to use the 
mill as a reversing mill if a section has to be rolled which is difficult to 
manage in a 3-high mill. 

The Ilgner system has been adopted up to the present for 
driving :— 

I. 344-in. three-high mill having three stands of rolls and rolling 
heavy beams, driven by a direct-coupled motor of 12,600-H.P. normal 
output. The maximum speed of the niotors is 180 revs. per minute, 
and the speed at which the maximum turning moment is given is 
70 revs. per minute. Тһе flywheel motor-generator set, which is 
provided with a 55-ton flywheel, runs at a maximum speed of 428 revs. 
per minute, and is driven by a 2,600-H.P. motor. 

2. 201-іп. mill having three stands of rolls and rolling beams and 
light rails, driven by a direct-coupled motor of 8,400- H.P. normal out- 
put. The maximum speed of the motor is 180 revs. per minute, and 
the speed at which maximum turning moment is given is 62 revs. per 
minute. The flywheel motor-generator set, which is provided with a 
55-ton flywheel, runs at a maximum speed of 428 revs. per minute, and 
is driven by a 1,500-H.P. motor. 

3. 294-in. mill having five stands of rolls and rolling beams and rails, 
driven by a direct-coupled motor of 7,300-H.P. normal output. The 
maximum speed of the motor is 180 revs. per minute, and the speed at 
which maximum turning moment is given is 52 revs. per minute. Thc 
flywheel motor-generator set, which is provided with a 75-ton flywheel, 
runs at a maximum speed of 428 revs. per minute. This three-high 
mill motor is supplied from a generator attached to a flywheel motor- 
generator set, which is supplying an electrically driven reversing 
rolling mill at the same works. 

4. 234-in. mill having three stands of rolls and rolling rails, beams, 
and sections, driven by a direct-coupled motor of 6,000-H.P. norinal 
output. The maximum speed of the motor is 180 revs. per minute, and 
the speed at which maximum turning moment is given is 140 revs. per 
minute. The flywheel motor-generator set, which is provided with a 
50-ton flywheel, runs at a maximum speed of соо revs. per minute, and 
is driven by a motor of about 1,200 H.P. 

5. 22-in. three-high mill having three stands of rolls and rolling rails, 
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sections, and rounds, driven by a direct-coupled motor of 2,400-H.P. 
normal output. The speed at which maximum turning moment is 
given is 120 revs. per minute, and the motor is arranged to run at 
very considerably higher speeds with a correspondingly less turning 
moment. This three-high mill motor is supplied with power from a 
generator attached to a flywheel motor-generator set which supplied a 
large reversing mill in the same works. 

6. 204-іп. three-high roughing mill, rolling billets, driven by а 
direct-coupled motor of 3,800 H.P. The maximum speed of the motor 
is 180 revs. per minute, and the speed at which maximum turning 
moment is given is 100 revs. per minute. This three-high mill motor is 
supplied with current from a generator coupled to a flywheel motor- 
generator set which supplies a large reversing rolling mill in the same 
works. 

There is also a seventh three-high mill which is driven on the 
Ilgner system, of which no particulars are available. 


THREE-PHASE CURRENT FOR MERCHANT MILL DRIVING. 


The roughing rolls of a merchant mill should be run at the highest 
speed at which it is found practicable for the men to catch the 
comparatively short billet, and as іп most cases about the same size of 
billet is being rolled the speed should remain constant. 

The finishing rolls, on the contrary, should be capable of running 
at a large number of different speeds according to the shape and 
weight of section being rolled. 

Light sections which cool rapidly must be rolled at a high speed so 
as to finish them while hot, but with heavier sections the rate of 
cooling is slower, so that there is not the necessity for rolling at a 
high speed, while there is the advantage that better material is 
obtained if the speed of rolling is lower. 

The slowest speed is required for “hand rounds” where the roller 
has to guide a bar of oval section with his tongs through a round hole, 
so that the biggest diameter of the oval stands upright, and unless the 
speed is low the roller cannot follow up the bar. 

If the roughing and finishing mills are coupled together and driven 
by one motor, it will not be possible to run at a sufficiently high speed 
for the light sections on account of the roughing mill, so that the 
roughing mill will restrict the output of light sections, while, on 
the other hand, when rolling “hand rounds” the low speed of the 
finishing mill will require that the roughing mill also go at a low 
speed and the output be also restricted. With such a mill the proper 
outputs can only be obtained at the medium speeds. 

The ideal drive, therefore, is to provide a constant-speed motor for 
the roughing mill and a separate variable-speed motor for the finishing 
mill, and when this is done the roughing mill is usually placed in 
tandem with the finishing mill. 

. Where the power available is direct current, this arrangement 
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presents no difficulty, but where 3-phase current must be used, the 
means of providing a variable-speed drive for the finishing mill needs 
some consideration. 

The simplest arrangement would be to provide an ordinary 3-phase 
motor, and to reduce its speed when required by inserting resistances 
in the rotor circuit. This entails such a large waste of power in the 
resistances when the lower spceds are required that the arrangement is 
not practicable commercially. In addition, when the power diminishes 
in the interval between passes or in the interval between the finishing 
of one billet and entering the next, the speed tends to increase up to 
the maximum speed, so that when the next billet is entered, it is very 
difficult to handle the material. 

Another arrangement which can only be used where a rope drive can 
be employed is to provide an ordinary 3-phase motor having three rope 
pulleys of different sizes on its shaft, and to change the ropes from one 
pulley to another when different speeds are required for the mill. 

To enable this to be done the motor bedplate has to be made to slide 
in two directions, so that any one of the three pulleys can be brought 
opposite the main rope pulley which is coupled to the mill, and so that 
the motor can be slid away from this pulley in order to tighten the 
ropes. 

This arrangement only enables three possible speeds to be obtained, 
which is insufficient to meet most requirements, and it has also proved 
itself to be very wasteful in power,and on this account it cannot be con- 
sidered where economy is any object. 

Another arrangement which is much more satisfactory is to convert 
the 3-phase current to direct current, and then to provide a direct- 
current rolling mill motor, so that the speed can be varied to any 
required speed in order to suit all conditions without wasting any 
power, and with the exception of that variation in speed which is 
necessary to enable the flywheel to give up and regain part of its stored 
energy the speed remaius constant at the required value. 

As the 3-phase current must be converted to direct current, a trans- 
former and a rotary converter would be needed for this purpose, so 
that the capital cost of the plant is increased, and there is a certain loss 
of power in converting from 3-phase current to direct current. 

This loss of power in conversion, however, is very small compared 
with the losses of power in the two arrangements mentioned above, 
while the extra capital cost is fully justified by this saving in power. 

A still more economical arrangement for obtaining variable speed 
has been adopted for thrce merchant mills in this country (Fig. 16). 
This consists of employing a 3-phase motor direct coupled to a direct- 
current motor for driving the mill. А rotary converter is connected to 
the rotor circuit of the 3-phase motor, so that when the set is run at 
reduced speed the power which would otherwise be wasted in resist- 
ances in the rotor circuit is converted by the rotary converter from 
3-phase to direct current, and then used usefully to supply the direct- 
current motor. 
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Comparing this scheme with that of converting all the 3-phase 
power to direct current and installing a direct-current rolling mill 
motor, it should be pointed out that in this latter scheme the rotary 
converter and the direct-current motor do not have to deal with the 
entire power, but with a power proportional to the amount that the 
main 3-phase motor is running below synchronous speed. 

The conversion losses are therefore reckoned on a fraction of the 
power, and not of the entire power, so that the arrangement is much 
more efficient. Further, the rotary converter and the direct-current 
motor are proportioned for a fraction of the power instead of the whole 
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Ғіс. 16.--Diagram of Connections of High-efficiency Variable-speed 
3-phase Rolling Mill Motor Set. 


power, so that they can be small machines. The arrangement therefore 
is cheaper in capital cost. 

With this arrangement the direct-current motor is provided with a 
compound winding to act as a continuous-slip regulator, and the com- 
bination behaves like an ordinary compound-wound direct-current 
motor, the speed being varied by altering the resistance of the shunt 
held circuit of the direct-current motor, while with the exception of that 
variation in speed necessary to enable the flywheel to give up and regain 
part of its stored energy, the mill motor set runs at the required speed 
and does not give trouble by attempting to increase in speed up to the 
maximum speed between the passes. 
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Generally speaking, where there is a choice between direct current 
or 3-phase for driving a mill for which variable speed is desirable and 
there is little or no difference in the cost of current, the adoption of 
direct current will be found the most economical. 


FRICTION LOSSES. 


Particular care should be taken to reduce as much as possible the 
friction losses, or other such losses which have a constant steady value 
independent of the power which the rolling mill may be giving, because, 
generally speaking, the power taken by a motor driving a rolling mill 
varies between wide limits, so that the average power taken is very much 
less than the rated output of, the motor, and any losses such as those due 
to friction which go on continuously very considerably increase the 
number of units of electricity used in a given time. 

This is a point which is very liable to be overlooked, because such 
losses are usually stated as a percentage of the rated output of the 
motor and so appear small, but if the average power of a rolling mill 
motor is one-third of its rated output, as is often the case, a friction loss 
which may be only ro per cent. of the rated output will increase the 
total units consumed ina given time by 30 per cent. Such friction losses 
may be caused by the friction in the flywheel bearings, or by the 
windage of the flywheel itself, or in the drive used to transmit the 
power of the motor to the mill in those cases where the mill motor is 
not direct coupled. 

These remarks apply particularly to rope drives when used for 
rolling mills, as it is usually stated that a rope drive involves 10 per 
cent. loss of power, but this only applies to the case of a motor which 
is constantly transmitting its full power through the rope drive. 

It would be much more exact if the statement were made that the 
use of a rope drive involves a loss of 10 per cent. of the power which 
the ropes are capable of transmitting normally, and that this loss remains 
constant whether the motor is giving its full normal output or not. 

To take a practical example, the case of some tin-plate mills may 
be considered which require a 450-H.P. motor, where the power varies 
between very considerable limits, and where there is a choice between 
installing a high-speed motor driving the mills through a rope drive or 
installing a slow-speed motor direct coupled to the mill. 

It may be assumed that the loss in the rope drive is то per cent. 
of the full-load power of the motor, that the efficiency of the slow- 
speed motor is 2 per cent. less than that of a high-speed motor, and 
that the actual power consumption required by the mill apart from the 
drive is 15,000 units per weck. If a slow-speed motor be installed, 
2 per cent. must be added to the 15,000 units on account of the low 
efficiency, so that the units consumed in the week will be 15,300. 

If the 450-B.H.P. motor ran steadily at its full power, making due 
allowance for 5 per cent. loss in slip resistance, etc., the steady input 
would be 385 k.w. ; therefore if the motor ran steadily at its full power 
for a wcek of 120 working hours it would consume 45,000 units. Ten 
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per cent. of this, or 4,500 units, are wasted in the rope drive, so that if 
the high-speed motor with the rope drive be installed, the total units 
consumed per week will be 19,500, or 4,200 more than if a slow-speed 
motor be used. 

Supposing that the cost of power is оса. per unit, the extra 
4,200 units used per week will cost £8 155., or £437 108. per annum. 
This saving would justify a very considerable extra capital expenditure 
on a slow-speed motor. 
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Fic. 17.—Analysis of the Results of Tests оп a Sheet Mill, showing the 
Losses occasioned by the Ropes and the Continuous-slip Regulator. 


Fig. 17, which was obtained from tests оп а sheet mill, shows the 
proportion of the total units of electricity used which were consumed 
by such losses. 

While any discussion of the details of construction of rolling mills 
is outside the scope of this paper, the author holds the opinion that 
insufficient attention is paid to the question of friction in the pinion 
housings or on the roll necks, and thinks that improvements might be 
effected which would reduce this friction, and that any such improve- 
ments would materially reduce the cost of rolling. 

In many mills the power consumed by the friction of the mill itself 
is about 3 or } of the normal rated output of the motor which is 

VoL. 48, 41 
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installed to drive the mill, so that nearly 50 per cent. of the units of 
electricity used per ton rolled are wasted in friction. This shows how 
great an opportunity there is for improvements for effecting economies 
in the cost of rolling. 

The foregoing observations regarding the large waste of power 
caused by rope drives where the friction is independent of the power 
transmitted does not apply to the same extent to the gear drive, because 
the pressure between the teeth, and hence a greater part of the friction, 
is dependent on the amount of power transmitted. When а small power 
is transmitted the friction loss is reduced, so that with a gear drive the 
units of electricity consumed on the overcoming friction do not form 
so large a proportion of the total number of units consumed as with a 
rope drive. 

In certain mills, particularly in brass and copper sheet mills, long 
trains of gearing are usually used for transmitting the power of the 
motor to the rolls, and are so arranged that the power for the more 
distant mills is perhaps transmitted through ten different pairs of gear- 
wheels. A more wasteful way of applying power could hardly be 
imagined. 


Economy. 


The question of electrical driving is seldom raised without com- 
parisons being made between the cost of driving rolling mills by steam 
or by electricity, but it is outside the scope of this paper to revive this 
well-worn subject. 

Various economies can be effected by the electrical driving when 
properly applied, but one of the principal economies is that of the cost 
of power. 

The electrical drive often enables cheap power to be used when it 
could not be transmitted or applied in any other way, and also in many 
cases it affords a means of enabling power to be generated cheaply, so 
that in planning an electrical drive every care should be taken to make 
use of its natural advantages as far as possible. 

In a large city where land is expensive, and where facilities for 
generating power in each individual works are far from the best, it is 
generally found to be most economical to buy power from the supply 
authority where the amount required is not very large, because power 
can be generated in bulk in a power station and distributed to the 
various works more cheaply than the works can generate themselves. 

Where works are not situated in a city, and where the cost of 
ground, etc., is much less, it is generally found that the works them- 
selves can generate more economically unless the amount of power 
required is very small. 

Where cheap power is available it must be applied as economically 
as possible, and it will be seen from what has been said in the fore- 
going that considerable care must be exercised in applying a motor and 
flywheel to a rolling mill in order to ensure that the power is utilised 
as cheaply as possible if it is desired to obtain economy in working. 
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There is much reliable information at present available about the 
units per ton taken to roll various sections, some of which has been 
given by the author in other places, so that there is no need to repeat 
these figures here. Attention should, however, be particularly drawn 
to the inaccurate results which will be obtained if any attempt is made 
to arrive at the proper size of the motor by multiplying the units per 
ton by the tonnage which it is desired to obtain from the mill on the 
average. 

Any such figure which is obtained in this way would be far too 
small, because a rolling mill always works more or less intermittently, 
as either it is a physical impossibility for the men to stand up to the 


work continuously—that is to say, to keep up the maximum rate of - 


rolling at which they could roll one bar, or else the mill has to wait for 
hot billets from the furnace, for the finished material to be cleared 
away, for roll changing, or for other reasons. 

In conclusion, the author wishes to express his best thanks to the 
Siemens Companies for the assistance they have given him in the pre- 
paration of the paper, and for their permission to publish much of the 
information contained therein. 


Discussion, 


Dr. E. ROSENBERG : Most of the conclusions to which the author 
comes are absolutely correct and cannot be contradicted. I would like 
to discuss only a few points which the author raises. He mentions that 
in order to make a flywheel act we want a difference in speed. If we 
use a difference in speed of 1o per cent. we get approximately 20 per 
cent. of the energy stored in the flywheel. We are not able to get 
much more with alternating-current induction motors, because the 
regulation of speed cannot be effected without loss of power ; but with 
direct-current motors we can effect the regulation of speed without 
losing power by means of series winding. On the other hand, if 
we use the ordinary compound motor it is not possible to get a 
very big drop iu speed for a comparatively small change in load. 
In one of the slides shown it was clear that when providing for 20 or 
22 per cent. drop of speed from no load to double full load, the speed 
variations actually occurring during ordinary working are only about 
half of this percentage. We may say that we should prefer a motor 
which for a current changing, say from three-quarters average current 
to 14 times average current, will producea slip of approximately 20 per 
cent., and then we should be able to use about 36 per cent. of the energy 
stored in the flywheel. With the compound motor this is not possible, 
because the shunt winding which provides the constant field represents 
a big portion which cannot be changed. I speak now of the compound 
motor without an automatic slip regulator. The shunt winding must 
be strong enough to prevent, without any load on the motor, dangerous 
speeding-up, and in this case the additional series winding will for 
a small change in current only give a comparatively small speed drop. 
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In one flywheel set installed I have made it possible to use the 
characteristics of the series motor, which gives a far bigger speed 
range for the same range of current, without incurring the danger 
of the motor running away. I have made a shunt winding, but con- 
nected the shunt winding, not to a source of constant voltage, but to an 
exciter coupled to the flywheel set. The exciter 15 shunt excited, but 
also compound or series winding could be used on the exciter. If the 
speed drops considerably, the exciter nearly loses its voltage ; therefore 
the current in the shunt winding of the flywheel motor will be extra- 
ordinarily small, and the motor will act practically like a series motor. 
If the speed, however, comes very near tothe critical speed, to what we 
call the safe speed limit, then the exciter will pick up rapidly ; therefore, 
also, if the motor takes no current at all the speed is limited to a certain 
predetermined amount, and even if the voltage of the supply rises above 
normal, the speed of the flywheel set will rise by a far smaller percent- 
age due to the over-excitation obtained. The same scheme can be used 
for the motor of the Ilgner flywheel set (see British patent, No. 24,511, of 
тото). 

I have noticed with great interest in the paper the comparison of the 
different methods of regulating the speed of merchant mills. The author 
prefers the arrangement of a rotary converter and direct-current motor 
in cascade with the main slip-ring motor to the arrangement of a plain 
rotary converter and only the direct-current motor on the mill. He 
says that the efficiency is superior. I cannot follow that, and I have 
figured it out in a few cases. We can make out the superior efficiency 
on certain assumptions, which, however, very seldom check with the 
practical requirements. If we have a very small speed variation then 
our rotary converter and auxiliary direct-current motor are designed 
for a small output, and the losses in those two machines then are lower 
than the loss in the transformer and rotary converter of the second 
scheme (plain direct-current motor). Of course we have in "the 
cascade scheme always the full-load losses of the main slip-ring motor, 
which has no better efficiency than the direct-current motor in the 
second case, and we also have, when reducing the speed, additional iron 
losses in the rotor of the main motor. For small speed variations it is 
true that the efficiency is slightly better in the cascade system, but if we 
have speed variations, say, of a ratio of 1 : 1'6 or 1 :2, or even I :3, as 
mentioned to-night, then the picture changes completely. For high- 
tension alternating-current mains it is also certainly a drawback of the 
cascade scheme that a high-voltage alternating-current motor is used on 
the mill, while in the second case the high-tension exists only in the 
much safer static transformer. Another disadvantage is also that 
we have to connect to the rolling mill a combination of two motors, 
which takes up a lot of space. We have also an additional set of slip- 
rings on the main motor, and, what I regard as the most disagreeable 
feature of the whole system, we want a direct-current supply. The 
direct-current supply may be available in the works for lighting, 
but it means that the working of our rolling mill is not only dependent 
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upon one but upon two sets of supply mains. If the direct current Dr. 
is not available from another source, we must have a motor-generator касы 
for supplying the current for excitation of the direct-current motor and 
rotary converter, because the exciter could not be coupled to any one of 
these sets which are running at such variable speeds. One thing is not 
clear tome. If it issuggested to get a continuous speed range from тоо 
per cent. of full speed down to, say, 50 per cent., then running at, say, 95 
per cent. speed, or still nearer the full speed, the periodicity of the slip- 
ring currents is extraordinarily low, and the rotary converter would run 

at a dead slow speed. The copper losses in field and armature of the 
rotary converter will be equal to the full-load copper losses. ‘Therefore 

if we try to run the set for a very long time at such a speed the rotary 
would have a tendency to burn out, and we could only overcome this by 
supplying a ventilating plant, say a large-sized fan, perhaps coupled to 
the exciter motor-gencrator, and driving a continuous air-blast through 
the rotary converter. I wouldask for information whether this has been 
done in existing installations. 

Dr. В. WIESENGRUND: The general conclusions the author has Dr. Wiesen- 
arrived at are hardly controversial. One of his principles appears to ® с 
be that the outfit of an electrical rolling mill should be so chosen that 
what I would call the overall economy of the plant should be a 
maximum. ` The maximum overall economy would be reached when 
the combined total capital charges and running charges becomes a 
minimum. The author appears on the whole to regard as a standard 
arrangement the direct coupling of the motor to the rolling mill shaft, 
at least the direct coupling of the flywheel to the rolling mill, where he 
does not recommend the “ Прпег system.” Intermediate mechanical 
means for the purpose of transmitting the motor-power to the mill, the 
author almost appears reluctant to mention at all, as he merely refers 
to them under the head of friction losses. Doubtless the author is 
perfectly correct that for rope drives the average losses are high. The 
rope drive is a friction drive, and as such it must be so arranged from 
the start that it is capable of transmitting the maximum power which 
has to pass it, and, at least without very great complications, it is not 
possible to adjust the friction to different load conditions, and therefore 
the losses will always correspond to the maximum load. The author 
mentioned in the paper that the case for gear drives was not quite as 
unfavourable as for rope drives, in so far as the loss in the gear varies 
with the load. I believe the author has not done entire justice to the 
gear drive by this bare admission. I can conceive a great many cases 
іп which the maximum economy at which the author aims is more 
easily obtained by the introduction of gearing than by the direct 
coupling of the motor to the rolling mill shaft. This must certainly 
be the case if it is a question of mills running at comparatively low 
speeds, say, 30 to 35 revolutions, such as the author has mentioned. 

Fig. A represents a rolling mill equipment consisting of a 3-phase 
slip-ring motor of 300 H.P., with.a maximum overload capacity of 
боо Н.Р. running at 350 revs. per minute, coupled by means of flexible 
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coupling to a shaft carrying a cast-steel flywheel about 8 ft. in 
diameter with an approximate weight of 5 tons, the flywheel shaft at 
the other side to the pinion of self-contained double helical reduction 
gear reducing in one step the speed from 350 to 35 revs. per minute. 
The shaft carrying the double helical wheel is made with wobbler end 
for direct coupling to the mill shaft. A slip regulator is provided by 
means of which the motor speed can be reduced то per cent. below its 
normal full-load speed. The centre distance of the gear is about 
46 in., its face width 24 in. The feature of the arrangement is, of 
course, the arrangement of the flywheel between motor and gear, so 
that the latter has not only to transmit the motor-power, but also the 


Fic. А. 


energy given off by the flywheel. This naturally necessitates a larger 
gear than would be required with a flywheel on the low-speed shaft, 
but the increase in the gear dimensions is not very considerable 
because in the first instance such high-ratio reducing gears have to be 
dimensioned for wear, so that their safety factor with regard to 
strength is very considerable. The distribution of the load over a large 
number of teeth, and the gradual progress of the engagement without 
auy shocks, enable thistype of gear to withstand overloads which would 
be detrimental to straight-cut gearing. The author will probably 
admit that at least for mills with powers between 300 and 1,500 H.P., 
the combination of a high-speed motor, high-speed flywheel, and high- 
ratio reduction gear will, in regard to first cost, be very superior to the 
direct-coupled motor. The author has made a very strong point that 
the friction losses should be kept as low as possible, I believe that in 
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this respect the arrangement shown cannot be surpassed. The friction 
losses in the flywheel bearings must be very much less in a flywheel 
weighing only about 5 tons than in a flywheel weighing about 50 tons, 
and this will probably be the proportion of the weights for the same 
energy of flywheels at 35 and 350 revs. per minute respectively. The 
permanent loss in the gearing is extremely small. With gcaring similar 
to the one I have shown, full-load efficiencies as much as 99 per cent. 
have been obtained. The bearing losses are naturally constant. On 
the other hand, the efficiency of the high-speed motor is considerably 
higher than the efficiency of the low-speed motor. I notice that the 
author in one portion of his paper estimates the superiority of the high- 
speed motor in efficiency over the low-speed motor at about 2 per cent. 
The author probably means in this case the full-load efficiency. Most 
of the losses in the low-spced motor will, however, remain constant 
whatever its load. Therefore the mean efficiency of the low-speed 
motor should be somewhat considerably less than that of the high- 
speed motor. 

Mr. C. HowarD : In reference to the author's remarks on friction, I 
would like to ask him whether he has ever tried to decrease the 
friction in tinplate mills by using one pair of rollers only for the rough- 
ing and for the finishing. That is the system followed in America, and 
it enables the output to be doubled in the same shift. It reduces the 
friction by one-half if there is one pair of rolls instead of two, and 
enables the output to be doubled, and so increases the overall efficiency 
very much. With the rest of the paper I am in perfect agreement as 
regards its application to tinplate mills, with which I have had experience 
which has extended during the past year over twelve electrically 
driven tinplate mills. 

Communicated: Referring to Mr. R. Borlase Matthews’ criticism of 
the American system of rolling tinplates and his contention that Welsh 
tinplates command a higher price than those manufactured in America, 
it may be well to point out that recently large orders for tinplates for 
the oil trade have been placed with American manufacturers, and 
great difficulty is experienced in securing Canadian and American 
orders which have hitherto been awarded to Welsh manufacturers. 
One great disadvantage often urged against the American system is 
that the rolls become overheated and do not last so well throughout the 
week, besides resulting in a larger number of broken rolls. This is 
probably quite true if the output is pushed beyond reasonable limits, 
but no difficulty in this direction should be encountered providing the 
output is limited to, say, 110 to 120 boxes per shift. The average output 
on the Welsh system is about 55 to 60 boxes per shift. Again, in the 
Welsh system of rolling, the roughing and finishing rolls are alternately 
heated and cooled according to the stage of the work, i.e., the roughing 
rolls are heated whilst the thick iron is being passed through, and are 
cooling whilst the sheets are being rolled in the finishing pair of rolls. 
Now if one pair of rolls is used for both processes within the limits 
given above, а fairly uniform temperature of the rolls should be 
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secured with a consequent prolongation of the life of the rolls. Finally, 
in determining the quality of the finished sheet, it should be noted that 
the finishing processes have quite a definite influence on the result, and, 
as a matter of fact, a number of boxes recently rolled on the American 
system in a Welsh mill presented no discernible difference from those 
produced by the regular Welsh method. It may be said that a large 
proportion of the newest mills installed in South Wales have their roll 
standards mounted in the American fashion, and it is quite legitimate 
to assume that a trial might be given with advantage to other methods 
adopted by our competitors. In order to follow the arguments used 
above I append a description of both Welsh and American systems of 
rolling sheets for manufacture into tinplates. The tinplates are rolled 
down from bars varying in weight and length according to the size of 
plate required. Such a bar is generally referred to as the “ pack” or 
“thick iron,” and the weight of the pack under the Welsh system is 
practically twice that under the American system, owing to the Ameri- 
can practice of rolling two singles together as doubles. 

Welsh Method.—In this system two pairs of rolls are used, one for 
rolling down the thick iron bars, and the other pair for rolling the 
sheets. The number of men per mill per shift is generally four, viz., 
one rollerman, one furnaceman, one doubler, and one bchinder, or 
catcher. It is the furnaceman's duty to see that all the bars and sheets 


are of the proper temperature at the right time, and to hand them out 


to the rollerman. Тһе rollerman puts the bars and sheets through the 
rolls and they are caught by the behinder and passed back by him over 
the rolls to the rollerman, who adjusts the screws over the top roll so 
that the necessary clongation 1s produced. After the thick iron has 
passed through the rolls it is passed back to the furnaceman in the form 
of “ singles"—1.e, single shcets—who rcheats it for the next process. It 
will be noticed that the doubler is idle during this process. The 
“singles” are then rolled out to practically double their present length, 
and passed over to the doubler who bends the plate double and 
squeezes the fold flat under a press, and also cuts the ends square, after 
which the double sheet is passed back to the furnaceman for re- 
insertion in the furnace. This process is repeated with the “doubles” 
and “fours,” but in the final process, viz., rolling the “ eights,” which 
is generally the finishing process, the sheets are not passed to the 
doubler but are stacked by the behinder in some position con- 
venient to himself, and they are then rcady to be “sheared” and 
“opened.” It should be borne in mind that the rollerman when 
rolling “doubles” and “Ғошв” has also to separate the sheets before 
passing them on to the doubler, who, it will be noted, is practically idle 
in the first and last stages of the process. Between the eights of one 
heat and the thick iron of the next there is generally a break of 5 to 
20 minutes whilst the men are resting or eating, and a careful analysis 
of the working period shows that the average time that each mill is 
working does not exceed 70 per cent. of the length of the shift. 
American Method.—Nine men form a shift for each mill in this 
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system, classified as follows :—(1) Rollerman (in charge); (2) assistant 
rollerman, or rougher ; (3) and (4) two furnacemen ; (5) pair heater ; 
(6) doubler ; (7) and (8) two behinders, or catchers ; (9) screw boy. The 
first part of the heat is the roughing down of the bars in the following 
manner : (1) The pair heater transfers the bars, two at a time, to the 
rougher, who with one behindcr passes them through the rolls whilst 
the screw boy attends to the screws, after which the plates are replaced 
in the finishing furnace by another of the furnacemen. (2) Imme- 
diately after all the bars are roughed down the rollerman takes the 
place of the rougher and the work proceeds somewhat on the Welsh 
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method, except that the sheets are generally worked two at a time, and 
the screw boy, not the rollerman, opens up the “pack” after it is 
thrown down from the rolls. (3) The rougher again takes up his 
station after completion of process (2), and the “ fours” are now rolled 
on the same lines as in process (2), the screw boy separating the top 
and bottom sheets. (4) The “eights” are now rolled with the roller- 
man at the rolls, and this process is practically the same as the Welsh 
method. From the table above it is easy to see that there is ample 
time for all hands at the mill to recuperate between such periods as 
they are called upon to work, and no time is lost between the “ eights” 
of one heat and the thick iron of the next heat, such as is noted in 
the Welsh system, 
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Mr. К. BoRLASE MATTHEWS : A feature of this paper is that it deals 
with a number of practical points upon which it is usually very difficult 
to get any reliable information. The author very wisely avoids any 
discussion as to the comparative cost of the operation of steel rolling 
mills by steam as compared with electric drive, and really the matter 
has got past the stage where comparison is needed, for in this country 
between 80,000 and до,ооо Н.Р. is now utilised for operating rolling 
mills alone—a very considerable figure, which indicates the faith of 
steelmakers in the economy and advantage of the electric drive. I 
have been more particularly interested in the driving of tinplate sheet 
mills and tinplate bar rolling mills, which present, perhaps, some of the 
more difficult problems in rolling mill driving, on account of the 
frequency of the passes and the varying nature of this special work. 
With the electric drive in a tinplate mill a plant is available which is 
capable of an output in advance of the physical endurance of the men, 
and really the mill has to be cut down to what the men can do, rather 
than limited by the actual maximum capacity of the system of driving. 
With reference to Mr. Howard's comments, I do not think South Wales 
tinplate manufacturers would agree very much with American practice. 
South Wales tinplates can sell against American tinplates any day, with 
a considerable margin in their favour on the score of their greatly 
superior quality. Separate rolls for roughing and finishing give a very 
much better product, for which an additional price can be obtained 
that more than compensates for any friction loss entailed by the extra 
mill. Certainly, as referred to at the end of the paper, the question of 
friction loss in mills is a very important one, to which comparatively 
little attention has been given. On the electrical side the efficiency 
has been brought to a high pitch of perfection, but on the mechanical 
side there still remains a very great deal to be done which would 
greatly reduce the cost of operation under ordinary conditions. The 
first curve that the author exhibited on the screen showed the very 
excellent results that can be obtained from a properly designed elec- 
trical drive. Referring to the question of the regulators, in addition to 
theadvantages that the author points out, that are in favour of continuous 
slip regulators, there is also the minor one that this method is a little 
less complicated so far as the men are concerned who have to maintain 
and keep the equipment in order. I think the author rather assumes 
that the losses due to rope drive are a little greater than they really are. 
It has proved a very useful drive notwithstanding any slight disadvantages 
that it has, and it certainly makes a very smooth drive. The author is 
apparently very much more in favour of the use of direct-current motors 
than of induction motors for rolling mill work. American practice, on 
the other hand, seems to be rather in favour of the usc of induction 
motors. It would be very interesting if the author would let us know 
what he has done to improve the power factor in the cases where he 
has employed induction motors. Considerable trouble has been experi- 
enced in this particular direction, and one method adopted to overcome 
it, in the case of some steel mil] drives, is to employ synchronous motors 
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on other loads in the works, such as rotary pumps, blowers, washers, 
and any other possible machines. In one particular case, which hap- 
pened to be a large American mill, the power factor was so bad that a 
5,000-k.v.a. rotary condenser had to be installed. 

Mr. J. J. FASOLA: Referring to the theoretical diagrams 5, 6, 7, and 
8, the author has shown that the 3-phase permanent slip losses were 
something more than one-third of the losses in one case, and I think 
this is where improvement should be introduccd if possible. A motor 
designed for increased copper losses to give a larger inherent slip could 
have its tron losses reduced, thereby compensating for part of the slip 
losses. In the diagrams the power of the motor is referred to as motor- 
power. I do not know whether this means motor input or output ; I 
presume it means motor output, in which case I think the percentage 
variation in the average power supply would be something like 7 to 
IO per cent. greater than the figure given in the table on account of 
the losses in the permanent slip regulator. Since the greatest slip 
losses will occur at the point of maximum output of the motor, and the 
absolute value of the slip will be greatest in the case of the arrangement 
with the lightest flywheel, this will increase the R.M.S. value of the 
stator current more than for the arrangement with the heavy fly- 
wheel. The rating of the motor with the light flywheel should, I 
think, be about 15 to 17 per cent. higher instead of 10 per cent. higher 
than the motor with the 5o-ton flywheel, assuming the diagrams are 
for motor output. To enable these curves to be investigated more 
closely, perhaps the author will give us the radii of gyration and con- 
centrated masses of the flywheels and the exact synchronous speed of 
the motors on which the diagrams are based. I think from the 
remarks that have been made it is desirable to keep on the high side 
with the weight of the flywheel on account of these slip-regulator 
losses. Of course there are limitations, because the flywheel effect on 
the reduction of variation of the power decreases rapidly as the weight 
of the flywheel increases and the friction losses become large. Mr. 
R. Borlase Matthews mentioned that the paper seemed to favour con- 
tinuous current rather than 3-phase, and asked what could be done to 
improve the power factor. It seems possible to obtain economies by 
using cascade motors, as they would improve the power factor very 
considerably at low speeds. In the case of such mills as those referred 
to under the part of the paper dealing with the Ilgner system where 
variable speed is required, economies can be introduced at low prime 
cost by adopting a motor which would run economically at full torque 
at two-thirds speed for the first passes to enable the men to catch the 
billet, and would be speeded up to top speed without disconnecting the 
stator for the last passes, as this would considerably increase the tonnage 
turned out. It could be provided with a direct-coupled flywheel and 
slip regulator, or with rheostatic control; it would have the same high 
overload capacity at both speeds, and it would have a higher power 
factor than the ordinary induction motor. The power factor seems to 
be a very important point when comparing a direct drive with a rope 
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drive or a gear drive, as the power factor of these very slow-speed 
motors is admitted to be relatively very low. For this reason alone I 
think therc may even be occasion to use a single-speed cascade motor 
with squirrel-cage rotor, and starter and slip regulator connected 
across the stator tappings, and direct-coupled flywheel where necessary. 
To obtain the same speed it is obviously cheaper to build a cascade 
motor with a 40-pole stator and a 20-pole short-circuited rotor than an 
ordinary induction motor with a 60-pole stator and a 60-pole slip- 
ring rotor. On account of the design of the single-phase speed cascade 
motor on the Hunt single-winding system, the power factor is consider- 
ably higher. For merchant mills there might often be an application 
for 3-speed motors running at full speed, half speed, and one-third 
speed. They would run economically at these speeds, and the prime 
cost would be considerably less than introducing rotary converters and 
converting into direct current. 

Mr. G. C. ALLINGHAM : The author has referred only to one method 
of equalising the power demand of rolling mills, namely, by means of 
flywheels, but there is another well-known method of equalising fluctua- 
ting power loads, and that is by the aid of storage batteries, with or 
without automatic reversible boosters. It is true that, in the case of a 
single large rolling mill a storage battery could hardly compete as an 
equaliser with a flywheel, because its first cost would be excessive ; but 
in the case of a works containing a number of rolling mills of moderate 
size there is a good deal to be said for providing a single common 
cqualising device, instead of a separate equalising device on each of the 
mills, in this way taking advantage of the diversity factor. On the other 
hand, where a single equalising device common to a number of motors 
is employed, a flywheel is, in general, unsuitable, because the total 
power load of the motors fluctuates in a manner which is quite irregu- 
lar. Generally speaking, the flywheel equaliser is particularly suited 
for cases where successive fluctuations of load follow one another in a 
cycle which repeats itself with more or less regularity. The flywheel 
can then be so designed that it is just capable of taking one of the 
peaks, and of being speeded up in the valley intervening between two 
successive peaks. But where the load is irregular—for instance, where 
there are a number of rolling mills, each of which is probably working 
more or less irregularly—there may at one time be a period when the 
total load for a considerable time is above the average, or when a rapid 
succession of peaks-slows the flywheel down without giving it a chance 
to speed up between, followed by a period during which the load is 
below the average, and when the flywheel, having been speeded up to 
the maximum, goes on running for some time doing nothing but churn- 
ing the air and wasting electrical energy. For dealing with an irregu- 
lar load of this description a flywhecl has these drawbacks : first, its 
capacity for storage of energy is very small ; and secondly, its no-load 
or fixed losses are great. An additional drawback is that, whenever the 
flywheel is stopped (e.g., at times of light or no load), all the energy 
stored in it is thrown away, and a corresponding amount of energy has 
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to be supplied whenever it is necessary to start it up again. Storage 
batteries are free from all these objections, and are capable of dealing 
with an irregularly varying load of this description without difficulty. 
The storage battery has other incidental advantages which are of im- 
portance in some cases ; it forms a standby in case of temporary break- 
down, and may also be useful for providing a supply of light or power 
at times when the generating plant is shut down, for working overtime, 
or for other purposes. I believe there is a considerable field of useful- 
ness for the adoption of storage batteries, especially in works where 
there are several rolling mills of moderate or even of considerable size. 

It is often supposed that the storage battery is inapplicable where 
the power supply is 3-phase, but this is by no means the case. A 
battery can be used economically and satisfactorily in conjunction with 
a reversible motor-generator or rotary converter, and there are several 
instances of batteries having been used in this way quite successfully. 
It is true that the losses in the battery and its auxiliary plant are greater 
in such a case than with a direct-current supply, but they are by no 
means prohibitive, especially if a rotary converter is employed, the 
necessary variation of the voltage on the direct-current side being ob- 
tained by means of either split poles on the converter or an alternating- 
current booster on the 3-phase side of the converter. | 

A point worth considering is the very serious amount of energy 
wasted in the slip resistances, with flywheel equalisers—at Jeast where 
3-phase motors are employed. The author mentioned in one particular 
instance that the loss was 13°5 per cent., so that the loss may well be of 
the same order of magnitude as the loss in the storage battery. The 
author considers that automatic slip regulators are not of much use for 
rolling mills because they do not act quickly enough ; but it seems 
that there might possibly be some room for improvement in that respect 
over the particular devices described in the paper. For instance, in 
the case of the direct-current automatic slip regulator, described on 
page 607 and illustrated in Fig. 10, instead of gradually and timidly 
short-circuiting the resistance in series with the shunt field of the motor 
by means of a series of relays acting one after the other, why not 
employ a device somewhat on the principle of the Tirrill regulator, 
which would short circuit the resistance instantaneously, and would 
continue to short circuit it intermittently, as required? In some such 
way a very much more rapid action might be obtained. 

Mr. ALAN WILLIAMS: I entirely agree with the author їп the view 
he takes as to the position for the motor or the flywheel. There is no 
doubt that it ought to be direct on the rolls, and not in some other 
position, as a speaker has suggested to-night. I have had an opportu- 
nity of carrying out some experiments with a rolling mill with a gear 
drive and with some flywheel effect on the motor shaft, and it is quite 
obvious that with the severe shocks that are obtained in rolling-mill 
work, the high-speed shafts and the bearing on such shafts will give 
endless trouble. The other point on which I am in entire agreement 
with the author is in regard to the use of direct-current motors gn the 


Mr. 
Allingham. 


Mr 
Williams. 


Mr. 
Williams. 


Mr, 
Mountain. 


634 ABLETT : PRINCIPLES INVOLVED IN ELECTRICAL [11th fan., 


mill shaft. There are different ways of using them and providing them 
with direct-current energy. Generally we have to consider a 3-phase 
supply, but it is questionable whether the best way is the use of a 
motor-generator. Rotary converters are undoubtedly better if they can 
be used. Of course the great trouble with the rotary converter is the 
difficulty in varying the voltage of the direct-current output. A 
system has been devised recently by Mr. Burge, which forms one 
of the features of what is known as the C.M.B. system, in which two 
machines are used, one being a rotary converter direct coupled to 
a direct-current dynamo. The second dynamo has a reversible field, 
and it adds its voltage to the rotary converter or deducts it, giving a full 
range of from double;the original voltage down to zero. That voltage 
is controlled by a potentiometer regulator, and also by demagnetising 
windings, which give a practically constant current or a regulated 
current. An arrangement of this sort enables varying speeds to be 
obtained on the mill shaft by varying the voltage on the terminals of 
the motor, both by hand and automatically ; it does away altogether 
with slip resistances or series resistances, thus greatly improving the 
efficiency, particularly at low speeds. Incidentally, by adjusting the 
excitation of the rotary converter the power factor can be improved, 
which is a very valuable feature. A further point in connection with 
the system is that a storage battery, if thought advisable, can bc placed 
in parallel with the direct-current side of the rotary converter and can 
give out energy on peaks to the motors. 

Mr. W.C. MOUNTAIN (communicated) : There is no doubt that there 
are many instances in which electric driving for rolling mills can be 
satisfactorily and economically adopted, but I should be glad if the 
author could give me some comparative costs of rolling per ton, 
comparing high-class economical rolling mill engines from which the 
exhaust steam is used in exhaust steam turbines for driving tlie auxiliary 
machinery, compared with rolling by means of electric motors, and in 
giving the comparison he would state what price per unit he is 
placing upon the value of the current consumed. On page 620—dealing 
with friction losses—the author makes the statement that it may be 
assumed that the loss in the rope drive is 10 per cent. I have person- 
ally been connected with several rolling mills where a rope drive has 
been adopted between the motors and rolls, and I find this system of 
driving satisfactory and economical. The wear and tear on the ropes 
is exceedingly small, and my estimate of loss due to friction does not 
exceed more than г} рег cent. to 24 per cent. Of the two instances I 
refer to, one mill was driven by a motor transmitting up to goo H.P., 
and in the other instance the power transmitted frequently rose to 
1,200 H.P. In proof of my assertion I may say from some very careful 
tests taken by me some years ago when driving generators by means 
of coupled compound horizontal engines with drop-valve gear, over a 
series of tests I obtained an efficiencv between the indicated horse- 
power of the engine and the electrical output of the generator of 
84 per cent., and it is impossible that under such circumstances the 
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rope loss can have exceeded more than about 14 per cent. А moment's 
reflection upon the author's statement will show that he cannot be 
correct, and I should like to ask him what would be the effect on ropes 
if when using a motor of 450 H.P. 45 H.P. was consumed in friction 
on the ropes? The answer would be that due to friction the ropes 
would be in flames in a very short time. In a paper entitled the 
“Transmission of Power by Ropes,” read by Mr. E. Kenyon before 
the South Wales Institute of Engineers,* the following statement was 
made: “Frictional Test—Recent tests taken upon what may be 
regarded as up-to-date engines by a firm of well-known engineers 
completely invalidate such excessive computations by providing data 
which are said to represent a safe estimate for large mill powers of, 
say, 1,000 horse. To this should be added about 1 per cent. for 
powers below соо horse, namely : Engine friction, 8 per cent. ; shaft- 
ing, 12 per cent. ; rope, 2] per cent.” I think I cannot do better than 
refer members to this paper. From a very large experience, extending 
over nearly 30 years in connection with rope driving, I am satisfied 
that in very many cases rope drive in connection with electrical work 
is much more economical and preferable to driving through gear 
however well made, and I think the friction loss is no greater, if as 
much. 


Mr. NORMAN HOCKLEY (communicated): The author says that an M 


intermittent slip regulator would be an ideal arrangement for equalising 
the load on the motor, and much better than a continuous slip regu- 
lator (i.e, simply providing the motor with a considerable series 
winding on its field magnets), if it could be arranged to act sufficiently 
quickly when an overload comes on. I do not think there should be 
any difficulty in designing an apparatus which would be quicker in its 
action than the flywheel is to drop its speed. This, I think, is the 
problem, as the current through the motor armature cannot increase 
until either the speed drops or the field is weakened. An apparatus 
dependent on the speed for its working, which would ensure a definite 
strength of field for each speed, by inserting resistance in the shunt 
circuit as the speed increased, and taking it out as the speed fell, would 
ensure a practically constant load on the motor within reasonable 
limits. Such an arrangement would not only keep a more constant 
load on the generating plant, but would, as the author has shown, 
provide full torque on the motor and reduce the interval when speeding 
up, instead of the gradually decreasing torque, and comparatively long 
interval, provided by the continuous slip regulator. The continuous 
slip regulator, it seems to me, is an example of a regulator which 
cannot possibly act quickly enough, as it never increases the field until 
after the load has increased. Referring to Fig. 13, it will be noticed 
that when the power taken by the mill changes from roo to 6oo, the 
power given out by the motor instantaneously changes from 350 to 600, 
although no drop in speed occurs for about 2 seconds. I think this 
must be a hypothetical case, as it would appear to show either that the 
* Engincering, vol. 87, p. 368, 1909. 
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regulator is so bad that it actually continued to insert, instead of 
removing, resistance from the shunt circuit of the motor after the load 
on the mill increased, or that the motor had a rising speed character- 
istic, which I think would be a dangerous condition, for a rolling mill 
motor especially. I suggest that the motor should certainly be com- 
pound wound, as the author suggests, or, at any rate, have a falling 
speed characteristic, and also have a properly designed automatic 
apparatus for strengthening the shunt ficld sufficiently, as the speed 
drops, to keep the back E.M.F. of the motor constant, and so keep 
constant the power given out by the motor. 


DISCUSSION BEFORE THE YORKSHIRE LOCAL SECTION, AT SHEFFIELD, 
ON IOTH JANUARY, 1912. 


Мг. S. ECKMANN : I agree with Mr. Ablett that the term “automatic 
slip regulator " is misleading, but the same must be said of the suggested 
name, “intermittent slip regulator." What 15 regulated is not the slip at 
all, but the current; a more appropriate name would be “automatic 
current regulator” if a new name is desirable at all. In the same way 
the term “permanent slip regulator” is misleading; here neither the 
slip nor the current are regulated, and it would, perhaps, be better to 
call the thing what it really is, namely, a “resistance in the secondary.” 
With regard to the following statement in the paper: “ Alarm is raised 
from timc to time in cases where work is being carried on very rapidly 
so that there is only a very short interval between passes, to the effect that 
the flywheel may not have time to recover itself between the intervals 
and passes. Such alarm is entirely without foundation, and this 1s 
illustrated by Fig. 5.” Iam of opinion this alarm is well justified ; for 
where the passes are long and the intervals short the motor energy 
approaches the load on the rolling-mill shaft very closely. "The fly- 
wheel, therefore, does very little work, and is neither worth the money 
nor the space nor the additional running costs caused through friction. 
British firms nowadays build motors which can be connected directly 
to finishing rolls without the insertion of either a flywheel or even an 
clastic coupling, and therefore a flywheel is not even necessary for 
protecting the motor. As to the curves in Figs. 4 to 8 showing the 
action of the flywhecls, these are somewhat misleading, as the horse- 
power taken by the rolls has been assumed constant during one pass, 
whereas the horse-power is proportional to the speed. The figures 
giving the percentage variation of power, thercfore, should be read 
with precaution; especially in Fig. 7 the result will be rather much 
affected. With regard to the diagram illustrating the action of an 
automatic slip regulator in practice, I think this regulator must have 
been of a poor design. The automatic slip regulators which I have 
tried in practice have responded much more satisfactorily. If we 
were to study the photograph of the slip regulator given in the paper 
we should come to the conclusion that both inertia and friction might 
have bcen cut down to a much larger extent, and that in that case the 
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results would certainly have been better. However, the reason why 
automatic slip regulators are not used more frequently lies in quite 
another direction. The regulator at one time can only be adjusted for 
a certain average load. Now the average load on a mill is dependent 
chiefly on the sections rolled, the temperature, and the output of the 
mill. So when the rollers were working hard they were hampered by 
a slip regulator. A rolling mill drive should be able to follow the 
fluctuations of the output. Such a drive is given, for example, by an 
alternating-current motor with constant resistance in the secondary or 
by a compound motor. With regard to the statement of the author 
that the arrangement with 3-phase motor and 3-step pulley has proved 
to be very wasteful, and cannot be considered where economy is 
any object, I cannot see why this arrangement should be very waste- 
ful. There is a slip-ring motor with, say, 92 per cent. efficiency at full 
load, there is a permanent resistance in the motor which brings the 
efficiency down to about 87 per cent., and there is finally the rope or 
belt drive. If a belt drive is chosen as being the more efficient of the 
two, the efficiency at full load will go down to about 84 per cent. "This 
figure does not include the flywheel friction losses. The belt drive 
naturally involves a certain loss, say 4 per cent., but, on the other hand, 
a directly coupled motor is a slower-spced motor, and as stich is less 
efficient than a high-speed motor. Taking costs and overall efficiency 
into account, I believe that the indirect drive is often justified, which is 
also the reason why it is so often carried out. The 3-step belt drive is, 
of course, considerably more efficient than the Ilgner system which 
Mr. Ablett advocates for three-high mills. There is a slip-ring motor 
with, say, 92 per cent. efficiency ; the slip resistance will bring down 
this efficiency to 87 per cent. (allowing for the generator 92 per cent., 
and the mill motor 92 per cent.), the overall efficiency will go down 
73 per cent., and here again the losses in the Ilgner flywheel have not 
becn taken into account. Careful investigations and actual guarantces 
given have shown that the two systems, rotary converter with onc 
direct-current mill motor and the Kramer system, are very much alike 
both as regards efficiency and first cost. The arrangement with rotary 
converter and one direct-current motor has, of coursc, the advantage of 
greater simplicity, as it has only two revolving machines, whereas the 
Kramer system involves five rotating machines for one mill, namely, the 
alternating-current motor, the direct-current motor, the rotary converter, 
and the exciter motor-generator, which, by the by, are not shown in 
Fig. 16. Another advantage of the system with single direct-current 
motor and rotary converter is that it requires less space on the mill, 
and that one rotary can be used for more than one mill. Thus for 
three mills there will be required four revolving machines, whereas 
with the Kramer system at least eleven revolving machines are 
required. A further important advantage of the single direct-current 
motor and rotary system is that the current taken from the line is 
always at power factor unity, whereas with the mixed motor system, 
even if the rotary is designed for sending a leading current into the 
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line, the power factor cannot be kept unity. Besides, the wattless 
currents are known to heat a rotary converter much more than the 
watt currents, so there is likely to be trouble on the rotary when it 
runs at creeping speed, that is, when the mill runs at nearly maximum 
speed. I would like to ask what provisions are made in the Kramer 
system in order to obtain good compounding at low speed. For low 
speeds the terminal voltage of the direct-current rolling-mill motor is 
high—say, five times higher than when the mills are running at 9o per 
cent. synchronous speed. "The speeds were about 4 synchronous speed, 
so the shunt field would have to be ten times stronger than at 9o per 
cent. synchronous speed. ‘The scries field therefore would be extremely 
weak as compared with the shunt field, and the compounding con- 
sequently bad. It is, of course, just at the low speeds that good 
compounding is required, as at low speeds the flywheels are com- 
paratively ineffective. In my opinion the question of efficiency of the 
electrical drive has been somewhat overrated. It does not matter 
much whether the electrical drive is 1 or 2 per cent. higher or lower, 
so long as the overall efficiency of the mill is absolutely dominated by 
the friction losses in the mill itself and by the output. 

Mr. A. DU PASQUIER : I must take some exceptions to the author's 
remarks with regard to 3-phase motors rope-driving merchant mills of 
medium size, arranged with pulleys to give three efficient speeds with 
motor-opcrated bed-plate sliding in two directions. I know of mills so 
operated with highly satisfactory results, and think that many mill 
managers would disagree with the author when he says three speed: 
are usually insufficient to mcet most requirements in this class of mill. 
Unquestionably a system of drive giving economic uniform speed 
control is preferable, if the extra capital outlay to secure it can be 
justified, but the question of the return on outlay has always to be 
borne in mind, and if an attractive saving can be shown in the capital 
outlay necessary, let us say, for such a 3-phase conversion, and only а 
moderate return, as will often be the case, on the extra capital required 
to get uniform specd variation, which in many cases, though desirable, 
is not essential, it will usually be found that mill men will think the 
extra money could be spent more profitably in other directions. 
Further, on this subject of merchant mill driving the author is, I 
think, not correct in his comments on the respective merits of a rotary 
converter direct-current motor drive, and the system illustrated in the 
paper, consisting of a 3-phase motor, a direct-current motor, a some- 
what special design of rotary converter, and a motor-driven exciter, 
unless a direct-current supply is available, which is unusual. It is true, 
of course, that in the first system a transformer may be necessary, 
whereas against this, in the other system, there is a high-tension 
alternating-current motor, an additional motor, and, as mentioned 
previously, usually a motor-driven exciter. On this score alone there 
would seem to be a considerable advantage on the rotary with direct. 


current motor side. 
The author talks about the rotary converter and direct-current 


1912. ] DRIVING OF ROLLING MILLS: DISCUSSION. 639 


motor in his system being proportioned for a fraction of the alternating- M 


current motor rating ; well, of course, it is a fraction, but a fairly large 
fraction : such machines must be rated at from à to 4 the capacity of 
the main alternating-current motor according to the speed variation 
required. Moreover, the machines have to be built on fairly large 
frames; the direct-current motor must give its full output at the 
minimum mill speed. This was well brought out in the slide shown 
of the English McKenna Company's Mill, where the direct-current 
motor appeared, if anything, larger than the main motor. As 
regards the rotary converter, this has always to carry the full 
rotor current of the main motor, even when running at a speed 
corresponding to, say, 3 per cent. of the supply frequency, which 
would certainly call for a considerably larger frame than necessary for 
the actual kilowatt output on account of the heating difficulties. These 
drawbacks to the system are, of course, accentuated опа 25-00 supply. 
We should therefore think, contrary to Mr. Ablett's statement, that as 
regards first cost the advantage would be every time with the first 
system. 

Dealing with the question of relative efficiency, there is really very 
little difference. I have recently seen some close calculations of the 
respective overall efficiencies calculated for the same mill, and find 
that at normal loads there may be some slight advantage for the system 
described by the author but not excceding 3 per cent. as a maximum, 
whereas at 100 per cent. overload, a not unusual condition, the 
advantage at all speeds lies with the rotary and direct-current motor 
drive, but either way there is nothing much in the efficiency difference 
where one mill only is considered, though no doubt many people would 
prefer the direct-current motor drive on account of its greater 
simplicity and fewer running units. As the author stated, however, it 
is seldom that we have only to consider one mill, and where there are 
two or more mills to be operated, there is, of course, a very solid 
advantage with the direct-current motor drive, both in first cost and 
overall efficiency. The variations in the power taken by the different 
mills may to a great extent balance one another, and the necessary 
capacity of the rotary converter be smaller on this account. 

Turning to page 620 of the paper, I think the author is rather hard 
on the rope drive; I see he debits it with a steady 1o per cent. of 
maximum output loss. I do not know what the rope-makers would 
say, but can imagine they will be all up in arms. I should certainly 
not put the loss at this figure myself, and further, it is not, of course, 
usual to proportion the ropes normally to deal with the maximum 
output of the mill motor. I also notice that the slow-speed motor in 
the author's example is not debited with any 5 per cent. slip loss, which 
is curious, and that the load factor in the year works out at about 70 
per cent., which is surely on the high side and, of course, directly affects 
the economy he claims for the direct drive. Making these corrections, 
while I think there would certainly be some gain in efficiency for the 
direct drive, it would usually be nothing like so great as the paper 


r. | 
du Pasquler, 


Mr. | 


du Pasquier. 


Mr. Каша. 


Мг. 
Yerbury. 


640 ABLETT : PRINCIPLES INVOLVED IN ELECTRICAL [10th Jan., 


claims to show. A further point to be remembered when criticising 
а rope drive, is that in the case of a conversion, considerations of space, 
and non-interference with the work, may necessitate adopting this 
method of driving. 

Mr. К. J. KAULA: With regard to the author's remarks referring to 
3-phase merchant mill drive, I am rather surprised that he has not made 
any reference to variable-speed or multi-speed 3-phase motors—I :mean 
more especially a combination of cascade and pole-changing arrange- 
ments. The arrangement does away with the 3-pulley drive with 
equally good results, and at the same time eliminates the complication 
of rotary converters shown in Fig, 16. The author deals carefully with 
the power consumption of the various systems explained, but no refer- 
ence is made to the power factor. Mr. Eckmann drew attention to this 
point, and I should like to mention that whilst the power factor has no 
appreciable bearing on the power consumption, it materially affects the 
capital cost of the installation. It would, no doubt, also have some 
effect on the terms obtainable from a supply authority, and where the 
installation under consideration includes the generating plant the power 
factor affects the cost of the generator to an appreciable extent, 
especially in the case of turbo-alternators. 

Mr. Н. E. YERBURY : I gather from the paper that the primary object 
of the author is to show what advantages accrue when a heavy fly wheel 
is coupled to a motor for such work as rolling mills. That system will 
be readily appreciated by engineers, and there is no question that it is 
especially economical where power is taken from a supply authoritv on 
the maximum demand basis. The author is doubtless aware that he is 
now in a city where, I believe, all rolling is done by steam or gas- 
driven plant. I therefore regret to find that we have no data in this 
paper comparing the respective costs of each system, as we must admit 
that business and commercial men invariably sum up the problem from 
the £ s. d. standpoint only. I observe on page 622 that the author 
claims that one of the principle economies effected by electrical 
driving is that of the cost of power. I should be prepared to endorse 
that view, for many works where fuel is not an essential commodity, 
but for rolling mills we must admit that an exceedingly good proposi- 
tion can be brought forward for a steam plant. I have in mind a case 
of a rolling mill where the waste gases from the furnaces are utilised for 
the generation of steam, and where the waste gases of a lower tempera- 
ture are utilised for heating the feed water. I am not at liberty to give 
actual figures, but I can say that unless electricity could be purchased 
or generated at less than o'5d. per unit it would not compare favourably 
with modern steam or gas-driven plant for all-round efficiency with 
a high load factor. There is not sufficient information in the paper to 
deal with the respective capital charges, but from the maintenance 
standpoint I should say that an electrical installation would be lower 
than steam plant. To my mind this is an instance where no hard and 
fast rule or line can be laid down, but each scheme should be con- 
sidered on its own merits ; but where coal can be purchased, as in 
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Sheffield, at 6s. to 7s. per ten, and gas at 11d. per 1,000 cub. ft., it will be 
readily seen that electricity has some formidable rivals. 

Mr. W. E. BURNAND: Like Mr. Eckmann, I do not think the division 
suggested on page 595 is quite the best that can be adopted to indicate 
the group to which any particular system belongs. Continuous-slip regu- 
lators seem to cover pretty clearly the first, but for the other class I should 
prefer “auxiliary controlled," this latter covering two groups—one with 
a flywheel on the main motor shaft, and the other with a flywheelon the 
auxiliary machine. This division is probably capable of further im- 
provement. The curve shown on page 609 looks to me hardly as a 
recording ammeter would show it. А certain amount of continuous 
slip action occurs which would round off the sharp angles shown. 
The value of the electric drive, at any rate in the large sizes, is to a 
great extent due to it being not only the most efficient, but the cheapest 
and most readily controlled gearing between the power generator and 
power-using machines. Take the case of the large 1,200- H.P. motor 
on page 604. To get this power to the mill would be an extremely 
awkward job for any mechanical engincer, and I do not see how it 
could be done to give the acceleration and reversing powers that have 
been pointed out. Most rolling mills have plenty of heat going to 
waste that can be used for steam generation on quite a large scale 
at a comparatively low cost, and I think the most advantageous way of 
utilising this steam would be by means of a steam turbine coupled to a 
generator, styled variously unipolar, homopolar, or acyclic. This is 
a hopeless machine for most present-day uses, but when we get up 
‘to 1,200 Н.Р. at turbine speeds for short-distance transmission I think 
it can easily hold the field to the exclusion of all others. 600 volts, for 
instance, could be obtained, say, with about four pairs of slip-rings, 
and whilst the design of the machine is a biggish problem to work out, 
it is feasible, which the ordinary commutator machine of this size for 
turbine speed most decidedly is not. With this combination of cheap 
steam and low cost of generating plant, I do not see how апу out- 
side supply can compete, especially as the load factor is far from good. 
Given a steam turbine as our prime mover, in view of the cheapness of 
steam in these places, I think the flywheel might with advantage be 
coupled to the turbine, and this latter allowed to vary in speed by the 
requisite amount to enable the flywheel energy to be utilised ; and even 
though this reduces the efficiency of the turbine, it saves capital and 
complication and some conversion losses. Ithink it would pay to wind 
this flywheel with rectangular steel-wire like a gun, as with the higher 
peripheral speed that could then be utilised this would permit a much 
lighter wheel to do the work. I understand that the flywheels shown 
are steel [Mr. ABLETT: That is so], but I think that the saving in 
weight would pay for drawing down the steel into wire, and the labour 
of building up the wire-wheels. 

One more point I should like to suggest is that the series system is 
worthy of more attention than it has so far obtained for this class 
of work. For instance, with a series-wound gencrator and motor it 
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is possible to obtain almost any desired performance as regards speed- 
variation between generator and motor with load without external 
appliances. For example, if both generator and motor have similar 
characteristic curves they will maintain substantially the same speed 
relationship with varying load, precisely as two shunt-wound machines 
do. If now the motor field is shunted by a non-inductive resistance 
the speed would at first increase with increased load, and then come 
down to its first value. If the motor field is worked nearer saturation 
than the generator, the motor would increase in speed with increase 
of load, with constant speed on the generator, or it could maintain 
a substantially constant speed, with a falling speed on the generator, 
enabling the flywheel energy to be utilised without additional apparatus. 
An additional flywheel machine can be utilised just as easily as with the 
parallel system, the extra machine armature being in parallel with the 
motor armature and the field in series. I do not wish to be understood 
as suggesting that these results cannot be obtained with the usual shunt 
or compound machines, but only that in many cases the series system is 
likely to be the most simple and least costly, with a reduction of ex- 
citation and auxiliary losses. 

Мг. H. WALKER: I should like to know if the author can give us the 
units consumed per ton in connection with the 1i2-in. merchant mill, 
which he said were extremely low. 

Mr. N. ELLIsoN : On page 617 of the paper the author states : * The 
roughing rolls of a merchant mill should be run at the highest speed at 
which it is found practicable for the men to catch the comparatively 
short billet, and as in most cases about the same size of billet is being 
rolled, the speed should remain constant. The finishing rolls, on the 
contrary, should be capable of running at a large number of different 
speeds according to the shape and weight of section being rolled." In 
the case of a 12-in. mill I should like to ask the author whether 
he suggests that two motors are necessary to drive that mill. 


DISCUSSION BEFORE THE NEWCASTLE Local SECTION AT DARLINGTON 
ON 26TH FEBRUARY, I9I2. 


Mr. С. ЅтохЕҮ : I was much interested іп the diagrams showing 
the effects of various weights of flywbeel; these seem to show that the 
choice of a flywheel is a matter of compromise. I notice that the slip 
regulator caused a loss of 15 per cent., which seems to be high, andI 
would like to have comparative figures for the Ilgner system, which, 
however, could not be much higher than 6 per cent. An important 
point seems to be the failure of automatic regulators, due to their time 
lag. It seems to me to be impossible to make an autoinatic regulator, 
which would act with sufficient rapidity to eliminate this drawback. It 
has been said that three or four mills working off the same supply 
would tend to equalise the load on the generating plant, but taking the 
analogous case of a tramway system, I know of instances where со or 
go tram-cars cause large variations in the load, and in one case where 
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IO tram-cars were employed the load varied from zero up to 200 per Mr. Stoney. 
cent. above normal. Turning to Fig. 16, I think that the high-efficiency 
variable-speed set is most ingenious, and it might be worth while 
applying this system to an Прпег set. With regard to the efficiency of 
rope drive, I am confident that the Lancashire mill owners would not 
have tolerated for so long a system in which the transmission losses 
amounted to even то per cent., and I think that 3 or 4 per cent. is a 
much more likely figure. 

Dr. W. M. THORNTON: Some years ago I saw at the Gary Steel 
Works at Chicago a то,ооо-К.м. rolling-mill motor giving every 
satisfaction. The losses in the rotor resistances of an induction motor 
are due to the desirability of adjusting its torque to be a maximum, by 
the cutting-in or -out of resistance to suit any particular load or slip. 
The mechanical power delivered to the motor shaft can always be 
expressed in clectrical terms. For example, a power (W)at a current 
(2) is equivalent to a resistance (W/i?), and where the power is 
mechanical it can be converted to electrical units. For each power 
there isa corresponding slip and by adjusting the ohmic resistance, and 
so the power factor in the rotor circuit, the maximum possible torque 
of the motor can be obtained from it at any load. By altering the 
resistance in this way the motor is partly relieved from the blow of the 
load. It provides a means of calling upon the supply mains for 
the extra energy wanted, without the motor speed falling greatly, and 
in this way the speed of the motor, as shown by the curves in the 
paper, could be kept much steadier. I think that the mass of the 
moving parts of the resistance should be as small as possible. 
The control shown in Fig. 11 is too fceble for the heavy plates. I 
suggest that if they have to be moved the control should be by strong 
solenoids actuated by relays. With regard to the great losses observed 
in the rotor resistances and ropes, I would like to know whether 
the power in the rotor circuit has been measured by a wattmeter. As 
regards the loss in the ropes I, personally, cannot believe that in a 
normal drive the losses exceed 2 to 3 per cent., and I feel sure that if 
the losses amounted to the figures given in the paper it would be 
impossible to keep the ropes from charring. 

Mr. A. H. MARSHALL: Considering the action of the flywheel Чг. - 
where the interval between passes is short, I might point out that to PUMA 
get the same work out of the flywheel it is necessary to use a larger 
motor. Regarding the terms “ continuous-slip regulator " and 
* intermittent-slip regulator" I think it would be better to call these 
regulators the “fixed resistance type" and the “ variable resistance 
type" respectively. Referring to the action of the intermittent-slip 
regulator as shown by Fig. 13, it is obvious that if this curve is a truc 
representation of what happens there is no grcat gain in having a fly- 
wheel at all, as the motor, mains, and generating plant have to be large 
enough to handle the maximum load for an appreciable length of time. 

This might be true for a section mill, for there the load attains its full 
value at once, but for sheet mills I think the load does not rise so 
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‘ae quickly, and therefore this type of regulator could be used with 
' advantage. I know of a case of a large mill where putting the 
automatic gear out of action makes a considerable difference in the 
load fluctuations. For continuous mills driven by 3-phase motors 
running at one speed there is probably nothing better, but at the same 
time some more efficient method of control, which would also improve 
the power factor, is badly needed. The regenerative arrangement 
shown in Fig. 16 is very suitable where more than one speed is 
required. Iregret that the author has not extended the scope of the 
paper to give some everyday figures of the consumption in units per 
ton rolled and the comparative cost of driving direct by steam. 
Actually a comparison should be easy to make, as the tonnage gives 
something definite and tangible in the way of output on which to base 
costs. My experience is that actual costs are difficult to get hold of. 
In the Middlesbrough district there are seven large mills driven by 
motors of 1,000 Н.Р. or over and fed by 2,750-volt до-сусіе current : 
three on the Ilgner system ; опе of the type shown in Fig. 16; one a 
plain rotary converter job with a separate alternating-current motor for 
the roughing mills, and two with plain alternating-current motors and 
the intermittent type of regulator. These mills are working well, and 
in some cases doing much over their rated output. I know the history 
of all of them, and believe I am right in saying that there has been only 
one instance of trouble of an electrical character, and that has not been 
at all serious. The author is correct in pointing out the difference 
between operating from a large and from a small generating plant ; by 
taking power from a large system the cost of the rolling-mill plant can 
be kept down and the speeds and output better maintained. This is 
because heavier momentary demands are permissible. It does not, 
however, lead to increased charges for power, as demands are usually 
taken on a half-hourly or hourly basis. In this respect the costs on 
page 612 are misleading ; in no case, to my knowledge, are tariffs in this 
country based on maximum momentary demands. 

T Mr. К. M. LoxcMaN : With reference to voltage variations caused 
by rolling mills, with a private generating plant, automatic regulation 
can be provided for the generators, but when the supply is taken from 
an outside source it is advisable to be able to steady the voltage at the 
works so as to have the least possible effect on the system. Is it not 
possible by some system of compensated or series motors, ог by means 
of induction motors driven above synchronous speed, to provide the 
wattless current required and to keep the power factor at approxi- 
mately unity and thus considerably to steady up the system voltage? 
In going round the works this afternoon I was struck by the enormous 
number of gear-wheels which are in use on machine tools, and I think 
that there surely must be some system of varying speed which would 
obviate the necessity for these. I agree with Mr. Marshall that in this 
country at least instantaneous peaks are not considered in any method 
of charging, and, as a matter of fact, I cannot understand how it was 
proposed to record these accurately. Was it. proposed to take а 
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recording wattmeter chart, pick out the worst peak, and call that the 
maximum demand? Surely a quarter of an hour is the shortest period 
over which a peak load could be considered, and half an hour is more 
usual. The variation of the maximum demand when taken over a 
half-hour period and over a two-hour period is only about 8 per cent. 
If it was proposed to charge on instantaneous peaks, why not also 
charge on voltage regulation ? 

Mr. T. CARTER: I am glad that the paper draws attention to the 
large friction losses which might occur outside of the motor altogether, 
and I think that the present demand for extremely high efficiencies is 
absurd when 50 per cent. of the total input may easily be lost else- 
where. With regard to flywheel action, I remember a case in which 
this occurred in rather an uncommon way. A small motor-generator 
was installed on one side of a three-wire system, and after it had been 
at work for some little time the supply authorities complained that it 
was upsetting the voltage regulation, but a recording voltmeter showed 
that the pressure on the side on which the machine was working was 
actually steadier than it was on the other, and this could only be due to 
the flywheel action. 

Mr. А. S. BLACKMAN : Speaking as a supply station engineer, I agree 
with Mr. Stoney that a large number of units of plant are required to 
straighten out the peak in a load curve. On a tramway system for 
which I used to be responsible, on which 200 cars were running, 
fluctuations up to 30 per cent. above the maximum occurred, and 
on another system, with 45 to 50 cars, the fluctuations were соп- 
siderably greater. With regard to the maximum demand system, it 
is very usual now to take this on a one-hour basis, and this is the 
practice in Sunderland, although years ago the usual plan was to watch 
the instrument and take what was known as “ snap” readings. 

Mr. Jas. INGHAM : As one who has been responsible for the design 
of a large number of modern sheet and tinplate rolling mill rope drives, 
I cannot agree with the author when he states on page 620 “ that the 
use of a rope drive involves a loss of 10 per cent. of the power which 
the ropes are capable of transmitting normally." Exact information is 
difficult to obtain on efficiency tests of ropes. The only reliable test 
figures I know of were obtained on a specially designed rope drive in 
the laboratory at Charlottenburg. These tests show conclusively that 
with a well-designed drive a loss of only 2} to 3 per cent. can be 
obtained. This figure is amply confirmed by experience of the rope 
drives in modern Lancashire cotton mills, and it is generally accepted 
that the loss in the ropes will not be more than 3 per cent. in a well- 
designed drive. The difficulty in designing rope drives for rolling 
mills is due to the large and sudden variations in power. Mr. Ablett, 
іп a paper read by him before the Cleveland engineers,* in December 
last, gave a power curve showing the “actual power expressed іп horse- 
power taken from the power house by a motor driving a sheet mill 
during 73 minutes.” No information is given as to the normal power of 

* Proceedings of the Cleveland Institution of Engineers, Part 2, Fig. 7, 1911-12. 
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the motor, but it is probably a 600-H.P. machine. Ап examination of this 
curve shows that maximum peaks of 800 H.P. may be expected, and 
that the average load will be about 320-H.P. The problem then for the 
designer is to design the rope drive so that an average load of 320 H.P. 
can be transmitted from a motor or engine of 600 normal horse-power, 
which can deal with peak loads of 800 H.P. without unduly straining 
the ropes, and at the same time will give the highest possible efficiency 
on the whole range of load. This problem includes the question of 
the variation of efficiency with load. I agree with the author that 
whatever the amount of the loss in horse-power may be at the designed 
load, this loss will be fairly constant in amount over the whole range 
of load. On examining the following table, it will be seen that the 
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50 per cent. overload | 900 17 | 2 
Normal load oe ids | 600 17 2:8 | 
Rope design load ... дез | 500 17 | 34 
Average load 320 17 | 53 | 
50 per cent. normal load ... 300 17 5°8 | 
25 per cent. normal load ... 150 17 ESESEH 113 


| 


constant horse-power loss means а seriously increasing percentage 
loss as the load is reduced. It must be obvious, therefore, that to get 
the best efficiency the number of ropes should be so arranged that for 
the maximum time they are running with the full load, or as near full 
load as possible. It would appear, therefore, that from the point of 
view of efficiency only, the ropes should be designed for the average 
load. Against this, however, we must remember that some margin 15 
necessary for dealing with the peak loads, so as not to overstrain the 
ropes. The fixing of the correct number of ropes, therefore, becomes 
largely a matter of experience in this particular class of work. A large 
number of rope drives have been designed to deal only with the peak 
loads, and will, therefore, be responsible for a loss of ro per cent. or 
more on the average load. There can be no doubt, however, that such 
drives are over-roped, and more than one case is known where from 
one-quarter to one-third of the ropes have been taken off with re- 
sulting higher overall efficiency. When I сап have a free hand I have 
fixed the rope design load at from 80 to go per cent. the normal power 
of the motor. In the case given above this power would be about 
500 H.P. Using 42 H.P. per rope for a 2-in. rope at 3,200 ft. per 
minute, I should put in 12 ropes for this drive. It will be found that 
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many drives under the above conditions have 16 to 20 ropes. De- 
signed on these lines, and with first-class ropes, I would guarantee the 
loss іп the ropes at a load of 500 H.P.to be not more than 34 per cent. ; 
at the average load of 320 H.P., 5:3 per cent. ; and the life of the ropes 
two years, working 120 hours per week. I admit the life of the ropes 
will be shorter than if, say, 16 ropes were put on, but the cost of new 
ropes is relatively a small matter, as shown by the following. If the 
above drive is бо ft. centres, the ropes will cost about £10 per rope. 
The average life of a rope driving tinplate mills is about three years, 
so that the cost per year of ropes = ro x 16/3 = £534 every year, 
replaced every three years. Now the cost per year of twelve new ropes 
ше 12 X 10/2 = £60 per year, replaced every two years. So that the 
difference in the cost of ropes is only £7 per year. Assuming, how- 
ever, that the efficiency of the plant is increased a 3 per cent. saving in 
power = 3 x 320/100 = 9:6 Н.Р. At o'3d. per horse-power this equals, 
for 120 hours per week, £75 per year. I maintain, therefore, that instead 
of obtaining a loss of ro per cent. at the normal power, as the author 
states, it is possible so to design a rope drive that only 5 per cent. loss 
will take place at the average power, which equals, as the above table 
shows, 2:8 per cent. of normal power, or only one-quarter of the 
author's figures. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION, 
27TH MARCH, 1012. 


Мг. W. W. Woop: The question of the friction of flywheels is a 
very important point, and one about which very little is known; it 
would therefore be of interest if the author could give some particulars 
as to what power is required to run flywheels of different sizes. On 
page боо the author deduced that a larger constantly rated motor was 
required with a light than witha heavy flywheel, but the difference in 
power was apparently very slight, and would be, surely, more than off- 
set by the extra power required to drive the heavy flywheel. The 
earliest form of slip regulator in a rolling mill might be described 
as an intermittent-slip regulator hand-operated. It consisted of a 
liquid starter arranged with a lever so that the plates could be easily 
withdrawn, and was worked by a boy. The arrangement sounded, 
perhaps, rather crude, but was very effective, and with a little practice 
it was very easy to keep the load on the motor practically constant. 
The advantage of using a boy to operate the regulator instead of a 
motor was that the boy could anticipate the demand and move the 
regulator before the load actually came on. The author had compared 
the relative advantages of a direct and rope drive for a non-reversing 
mill very much to the detriment of the rope drive, but in doing so he 
had assumed that the loss in the driving ropes was 10 per cent. of the 
normal power they were capable of transmitting. I believe that in the 
past it has been a very common thing to assume the loss in the rope 
drive as 10 per cent., mainly because no one knew exactly what it was, 
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but in a recent paper * Mr. E. Kenyon referred to tests which show the 
loss іп rope drive as only 24 to 34 per cent. I have had a great deal to 
do with rope drive for electrical purposes, and with a properly designed 
arrangement I can quite believe that the lossis not more than Mr. Kenyon 
has stated. It seems to me, therefore, that it would be nearer the truth 
to state that the loss in a properly designed drive would just about 
off-set the lower efficiency which the slow-speed motor had, and there 
would not thereforc be the great saving in the units used to which the 
author has referred. In comparing the two methods of drive there are 
a number of points which must be taken into consideration. The driving 
ropes form an excellent coupling between motor and mill, far more 
flexible than we could hope to obtain in a direct drive, and relieve the 
motor of shock very considerably. It is also possible that we might 
have a case where 3-phase current is already installed ; and to drive a 
mill running at perhaps 40 revs. per minute would require a freak 
design of motor, particularly if it had only to develop 450 H.P. If in 
this case it were decided to drive with a continuous-current motor, thc 
machine would, of course, be more reasonable, but the heavy loss from 
converting from 3-phase to direct-current would have to be faced, and 
this would give a result in units used very much in favour of thc rope 
drive. Before it can be stated that either rope or direct drive is the 
better, the circumstance of each case should,I think, be carefully 
considered. 

Mr. N. B. RosHER : Although it is essential that the principles and 
method of operation of flywheels should be understood, yet the 
theoretical curves show the variation of motor-power and speed with 
different flywheels, and different conditions of passes which appeared 
in Figs. 4 and 7 do not all represent the conditions which were usually 
met with in mills in the Birmingham 'district, especially in sheet mills 
where a number of rolls are driven from one train and the peaks which 
occur are very irregular. No mention is made in the paper of the con- 
nection of the motor to the mill. This matter is, I consider, of consider- 
able importance, as unless the connection of the motor to the mill is 
well thought out, trouble is likcly to ensue. In my opinion, to gear the 
motor to the roll train without inserting some flexible form of coupling 
15 not desirable, because shock and vibration are transmitted to the 
motor. The continuous-slip regulator is a very desirable adjunct to 
the electrical equipment of a rolling mill. I am connected with a 
sheet mill where a 250-H.P. motor drives through spur-gearing on to 
a big roll train without any flexible coupling ; there wasa considerable 
grind from this drive until a perrnanent resistance giving 10 per cent. 
slip from no load to full load was inserted in the rotor circuit. In 
describing the possible ways of effecting change in speed of a 3-phase 
motor drive, the author made no mention of pole-changing devices or 
of Cascade motors. With regard to economies effected by electrical 
driving, I think it would be interesting if I gave some figures with 
respect to a sheet rolling mill with two main roll trains, the larger electri- 

* Proceedings of the South Wales Institute of Engineers, vol. 26, p. 252. 1908. 
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cally and the smaller (which had two main roll trains, the larger of which 
was converted from steam to electricity some four years ago) being still 
steam-driven. The conditions under which both trains operated were 
very similar, but in the case of the steam-driven train the costs per 
B.H.P. per annum were about £11, whereas the cost of the electric 
drive per B.H.P. per annum was only £4. The steam engine is 
shortly to be replaced by an electric motor, and it is estimated that the 
electric drive will pay for itself in a little over two years. 

Dr. S. P. SuiTH : There is one matter in the author's paper on which 
I should like information. Referring tothe scheme in Fig. 16, which the 
author said had been installed in three mills in this country, it would be 
interesting to know if the arrangement shown, which might be de- 
scribed as giving constant output at all speeds for a given input, is 
better for the kind of work in question than the arrangement with the 
auxiliary machines mechanically independent of the main motor, which 
is suitable for giving a constant torque at different speeds. Both 
systems have been developed of late years, and the 3-phase commutator 
motor and the induction generator have both found uscful applications 
thereby. There is a further arrangement about which I am sure the 
author could give some useful information. This is the frequency 
changer developed by the Siemens-Schukert Werke in conjunction with 
Heyland. This interesting machine is made to convert from the 
frequency of the supply to that of the rotor currents of the main motor 
at the speed required. The armature is very similar to the armature of 
a rotary converter, whilst the stator completes the path for the flux. 
Could the author say what success has attended the application of this 
ingenious arrangement which permits of the working of the main motor 
both above and below synchronism ? 

Mr. JUDGE: I am in favour of the rope drive as being a very good 
flexible coupling. 

Mr. MorE: I have had experience of electrical driving for rolling 
mills, and think very favourably of it. 

Mr. W. E. MiLNE: Rolling mill owners appear to pay too little 
attention to the question of mechanical arrangements when electrifying 
a mill. The only thing which appears to be of any importance to them 
is the price of current. This outweighs all other considerations, and 
owners who are waiting for a low cost per unit could easily effect 
startling economies by calling in a competent mechanical engineer to 
overhaul the driving arrangements. A test taken by the Birmingham 
Corporation Supply department in a metal works some time ago 
showed a transmission loss of 70 per cent., while losses at 40 or 50 per 
cent. are not uncommon. I quite agree with the author that friction 
losses, which are constant, should be kept as low as possible. There 
is a tendency in Birmingham to put too many rolls on one motor ; 
the long, heavy train of gearings for such arrangements call for a 
considerable amount of power to drive them. Referring to the use 
of slip-ring regulators in brass and copper mills, the automatic slip 
regulator is not required in these mills, although the introduction of a 
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small amount of permanent slip might be an advantage in certain 
installations. Dealing with the question of flywheels, I am of the 
opinion that this question has received too little consideration. The 
majority of Birmingham mills have changed over from steam driving 
and a badly balanced steam engine flywheel is usually left in. The size 
and position of the flywheel should receive more consideration, and, 
speaking generally, if the motor is not driving too many pairs of rolls 
the motor might be smaller, and the flywheel larger, than usually 
found. 

Mr. А. DU PASQUIER: I had an opportunity of taking part in the 
Sheffield discussion, and ventured to suggest that the author's calcula- 
tions on page 620 of the paper were incorrect, as he did not appear 
to have debited the slow-speed motor with any slip loss. It is notan 
easy task to criticise the author's paper. I think every electrical 
engineer interested in that particular class of work must appreciate 
the excellent work the author was doing for the industry generally by 
his consistent, energetic, and very able advocacy of the electric drive 
for rolling mills. It occurs to me, however, that these slip losses had 
been taken account of in the 15,300 units per week mentioned. So the 
only point between myself and the author is, whether the figure given 
in the paper for rope loss is not unduly high, and whether it is fair to 
take this то per cent. loss on the gross figure including 5 per cent. slip 
loss. I agree that the slow-speed motor can always justify the additional 
outlay where rope driving is the alternative. Gear-driving is another 
matter: it is no doubt more efficient, and gets over the power factor 
difficulty, which in the case of a sheet mill and a 50-cycle supply system 
might be a considerable one. I should like to point out, however, that 
sometimes either from questions of loss of output during conversion, or 
space restriction, a rope drive might be the only solution. The author 
mentioned the case of a 600-H.P. motor driving a sheet mill by means 
of twenty 2-in. ropes. This is certainly an excessive number of ropes 
to transmit the ordinary overloads of the miotor, and presumably the 
flywheel in this case must have been on the motor shaft and discharging 
through the ropes : this is an undesirable arrangement. In view of the 
author's alarming estimate of rope losses, it is interesting to note that 
recently he has recommended a rope drive for a new sheet mill on the 
north-east coast. The 3-speed rope-pulley drive has, I consider, been 
rather hardly dealt with. After all, the commercial solution of an 
engineering problem is nearly always of the nature of a compromise. 
It is not always that we are able to put down what is absolutely the 
best from a technical point of view, other conditions unfortunately 
creeping in, and there is no doubt that the 3-speed device, while costing 
much less than any other system of economic uniform speed control, is 
giving complete satisfaction in practice. I must take exception to the 
comparison which the author made between the very ingenious but 
somewhat complicated system illustrated on page 619 and the simpler 
arrangement of standard rotary converter and direct-current mill motor 
which serves the same purpose. As regards efficiency, when applied 
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to one mill only there is little or nothing to choose between the two 
systems, but from the points of view of simplicity and first cost the 
advantage should be with the rotary converter system, these advantages 
being intensified when more than one mill is to be operated, as would 
usually be the case. The additional transformer if required is a 
particularly reliable piece of apparatus. It is highly efficient, and at 
very little additional cost it could be designed to stand any distortion 
due to stresses that might be occasioned in the somewhat unlikely 
event of a short circuit on the secondary side. The rotary converter, 
owing to the much smaller armature reaction and field distortion, is 
admirably suited to deal with the momentary heavy demands which 
this class of work entails. The author has given a good idea of the 
extent of the variations in power demand with more than one mill. At 
the time of the Sheffield reading such variable-speed devices were 
suggested in relation to the driving of merchant mills where a con- 
siderable range of speed is necessary. I have reason to believe that 
the author is not advocating this system for the driving of sheet mills 
where ап averageslip is of the nature of 5 to 74 per cent. asa maximum ; 
the idea being to save as far as possible the rheostatic losses and 
possibly to diminish the demand upon the system by something short 
of this amount. In slips of this magnitude, however, I have no 
hesitation in saying that variable-speed devices with their considerably 
increased first cost, greater complication, and greater space occupied, 
are commercially unsound and their advocacy is to be deprecated. I 
believe that the general opinion on the Continent, where the system had 
its origin, would support my views. 

Mr. A. M. TavLon : I should like to point out that the proportion 
that the fixed charges bear to the total cost per unit is reduced as 
the total load on the power station increases, and also as the load 
factor improves through the increase of the power demands. It 
is therefore to the interest of manufacturers to come on to the 
corporation mains. With regard to the overload capacity of elec- 
trical machines, we are on the eve of important developments. Much 
greater loads than 100 per cent. are quite practicable. At the 
present time a booster set is being supplied to thc corporation 
which would be сарае of carrying an overload of 500 per cent. 
for 10 seconds. 

Mr. К. Овѕеттісн : I should like to ask how the diagrams showing 
the variation of the power and speed of a rolling mill motor under 
practical conditions were obtained. Compound-wound direct-current 
motors are very suitable for driving rolling mills. A 300-H.P. machine 
recently supplied for this purpose by my firm is heavily compounded, 
and gives 28 per cent. from no load to full load. І do not agree with 
the author that the Ilgner system involves а total increase in the 
capital cost of only то per cent. [have been closely into this matter in 
connection with a 10,000- H.P. plant, and find that the increase is from 
20 to 25 per cent. As regards the rope drive, there is room for discussion. 
'The to per cent. loss in ropes given by the author is probably correct. 
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In my opinion, the best drive is the direct one without flexible 
coupling, the next best the rope drive with the flywhecl on the roll 
shaft, and the last the rope drive with the flywheel on the motor 
shaft. 

Mr. F. J. MOFFETT (communicated): In his paper the author mentions 
two devices for producing a fall in speed of the motor when the load 
increases, viz., the continuous- and the intermittent-slip regulator. The 
first involves a continuous loss of power, even at light load, and the 
second is so sluggish in action that it allows a serious overload to come 
on the motor before any considerable drop in speed takes place. А 
mechanical-slip regulator appears to be superior to the two methods 
mentioned. If a suitable slipping clutch is inserted between the 
motor and the mill, it is possible in case of emergency to produce 
a slip of 100 per cent., and then utilise the whole stored-up energy in the 
flywheel. This is the only particular in which the steam engine drive 
possesses any advantage over the electric motor drive. At times of 
excessive load a steam engine will almost pull up; but when the over- 
load cn the electric motor has reached the limit of safety the automatic 
cut-out comes into action, and the power is entircly cut off. Slipping 
clutches suitable for this purpose are made by several firms. One type, 
of which I have had satisfactory experience, works on the centrifugal 
principle, the power being transmitted by means of the radial pressure 
of slipper blocks against the inside of the rim of a hollow pullcy, the 
slipper blocks driving on one shaft and the pulley on the other. 
Another well-known type of clutch is the Hele-Shaw. With either 
of these clutches it is possible for slipping to take place at a different 
point, so that the losses at light load are negligible, and there is practi- 
cally no time lag in their action. Ample protection can be afforded to 
the motor, since provision can be made that the load shall not be more 
than it can carry with safety. The speed of the rolls can fall until they 
comc to rest, but the motor is still able to exert its maximum torque. I 
am not aware that clutches of this description have been applied to 
rolling mill drives, and I shall be glad to have the author's views on this 
proposal. The clutch would, of course, need to be of sufficient size to 
dissipate the heat generated by friction. Additional advantages due to 
the adoption of this type of slip regulator would be, firstly, that in the 
case of a 3-рһавс motor a short-circuited rotor could be used instead of 
the more expensive and less efficient wound rotor, since the motor 
would start under practically no load ; and, secondly, that there would 
be no need for a flexible couple, as the clutch would serve this purpose 
admirably. 

Mr. C. ANTONY ABLETT (in reply): I regret that on page 620 
of the paper the question of the losses in a rope drive was not 
sufficiently clearly stated, and it should have been said that in every 
case of an electrically driven sheet mill that I have had the oppor- 
tunity of investigating, sufficient ropes have been installed to transmit 
normally about double the normal motor power without overloading 
the ropes. It is not unreasonable to consider the rope losses as 
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consuming 5 per cent. of the normal power which the ropes will Mr. Abictt. 
transmit, and this loss goes on whether the ropes are transmitting 
their full power or not. So by adopting a rope drive of a sheet mill 
we have a continuous loss going on, due to the rope drive, which 
amounts to about то per cent. of the normal motor power. This loss 
is more important in the case of a sheet mill than in any other type 
of mill, because the average power required by the sheet mill is small 
compared with the maximum power. In fact, the average power 
required for a sheet mill is often not more than 4 of the normal 
motor power, so that in an unfavourable case the ropes can consume 
as much as } of the total number of units of electricity which are 
taken by the rolling-mill motor. Values for the losses in rope drives 
have frequently been mentioned which are less than 5 per cent. of the 
normal powers which the ropes can transmit, but it is found that 
the losses have frequently been ascertained by testing steam engines 
which are transmitting power through ropes, and an estimate is made 
of the total power transmitted ; the friction of the engine is also esti- 
mated, and the difference ascribed to the rope drive. This cannot be 
regarded as an accurate method, as the unavoidable error in indicating 
the engine is morc than the percentage loss attributed to the ropes. I 
am of opinion that the only accurate way of determining the rope 
losses is to drive a dynamo from an electric motor through ropes under 
such conditions that the rope losses form a fair proportion of the 
powers of these machines. The input to the dynamo and the output 
from the motor can be measured accurately, and the efficiencies of the 
machines can also be determined accurately, so this gives an accurate 
method of determining rope losses. It is to be hoped that some data 
obtained in this way may become available in order to throw definite 
light on this important question. 

Several speakers have referred to the economies to be obtained by 
electric driving, this being a question, however, which was not entered 
‘into in the paper. It is interesting to note, however, that there are 
more than roo electrically driven rolling mills in this country, and more 
than 1,000 electrically driven mills on the Continent. There are over 
so electrically driven reversing mill installations in Europe, of which 
about 30 are at work, the remainder being in course of construction. 
These figures alone are sufficient to show that electrical driving: has 
justified itself, and that there are many cases where the adoption of 
electric driving for rolling mills will pay very well. 

Several speakers have referred to the question of shocks on the 
rolling mill motor, and mention flexible couplings and rope drives as a 
means of taking up these shocks ; in this connection it must be remem- 
bered that at the present time in Europe there are 30 electrically driven 
reversing rolling mills at work, in almost every one of which the motor 
is ‘direct coupled to the pinions of the mill, and in one or two cases 
even it is direct coupled to the rolls themselves, the pinions being on 
the far side of the mill, and no flexible coupling of any form being 
used. These mills are doing the heaviest work, and are driven by 
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motors capable of giving as a maximum as much as 20,0co H.P., so 
that it would be difficult to find a case where shocks are more likely to 
make themselves felt than in an electrically driven reversing rolling 
mill. Some of these reversing mill motors have been at work for 4 or 
5 years, and not the slightest difficulty has been experienced from 
shocks. In view of this, it cannot be said, іп the case of small mills 
driven by motors up to 1,000 H.P., or over, that the effects of shock are 
in any way to be feared. A flexible coupling, however, has its uses in 
the case of a mill motor driving a rolling mill where a flywheel is em- 
ployed, and this flywhcel is carried in separate bearings, a flexible 
coupling interposed between the motor and the flywheel will protect 
the motor bearings from any ill-cffect due to possible slight lack of 
alignment between the motor shaft and the flywheel shaft. This, 
of coursc, refers to such a case where the motor is carried on its own 
bed-plate and where the flywheel bearings are supported by separate 
sole-plates. 

The application of an exciter to a motor-generator set which 
Dr. Rosenberg described is very interesting, because it goes part of the 
way towards obtaining what we should all like to have for rolling-mill 
work—that is to say, a compound-wound motor in which the com- 
pounding only becomes effective after the load attainsa certain value. 

Regarding the application of high-tension current to the motor of 
the variable-speed set, I have seen many mill motors running on a 
5,000-volt supply, and several on a 10,000-volt supply, and I feel assured 
that in the present state of electrical knowledge few manufacturing 
firms would have the slightest hesitation about the direct application of 
high tension to a 3-phase motor. The question of the possibility of 
the heating-up of the rotary converter when the variable speed set 
is running at its top speed has bcen raised, but this has not occurred 
in any of the numerous variable speed 3-phase sets which are at work. 

Dr. Wiesengrund remarks that the maximum overall economy of a 
plant would be reached when the combined total capital charges and 
the running charges become a minimum, and while this is quite a correct 
principle, yet undue weight should not be given to the capital charges, 
as the running charges as a rule are more important. As an example, 
in the case of an electrically driven reversing rolling mill recently, the 
cox of power for rolling a ton of steel would be either 6d. or 9d., 
depending on the weight per foot of the section rolled, while the 
capital charges per ton of steel would only be o'15d. for each £1,000 of 
capital expended. I must say that I do not like the idea which has 
been suggested of transmitting the power of a flywheel through gearing, 
because the power which the flywheel gives up is determined entirely 
on the rate of deceleration of the wheel and so is quite indeterminate if 
the maximum power required by the mill is not known, as would be 
the case if a collar occurred. In dealing with the case where such 
indeterminate powers may have to be transmitted, it would appear 
desirable to interpose as little transmission gearing as possible between 
the flywheel and the mill—that is to say, the flywheel should run at the 
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same speed as the mill and be coupled either to the mill or the pinions 
through the ordinary arrangement of spindles, which break if subjected 
to excessive strains and can easily be replaced. The breaking of 
gearing in such a case would be a far more serious matter. It would 
have been very valuable if Dr. Wiesengrund had stated where the 
arrangement of the flywheel on the high-speed shaft, as proposed by 
him, is in operation, and what the experience with it has been ; also it 
would be interesting if he had quoted figures to show how the high- 
gearing efficiency which he mentions is maintained throughout the life 
of the gears. 

Mr. Howard has given a very interesting comparison of the Welsh 
and American systems of rolling tinplates, which shows how the large 
outputs are obtained in American tinplate mills without exceeding the 
physical endurance of the men. Where such large outputs arc 
obtained, the cost of production is naturally much cheapened, partly 
because the capital charges per box of tinplates produced is reduced, 
but principally because the kilowatt-hours taken to roll a box of tin- 
plates is reduced, since the constant friction load of the tinplate mills 
has to be divided up among a much greater number of boxes of tin- 
plates produced. 

Mr. Matthews has mentioned that American practice in rolling mill 
work seems to favour the use of induction motors, but it should be 
pointed out that in Continental practice about as many direct-current 
motors are used for driving rolling mills as induction motors. Some of 
the first mills to be driven electrically were driven by direct-current 
motors, which have been at work for fourteen years or so; these have 
quite justified themselves from tke point of view of reliability, and it 
should always be remembered that in rolling-mill work the direct- 
current motor proves more reliable and offers great advantages from 
the point of view of easy speed-control. In the case of a works having 
its own power station, it does not seem that the question of power 
factor is very important, cbmpared with the case where power is taken 
from a supply system, particularly where the same supply system is also 
supplying a large lighting load, and it would seem that the conditions 
must be very exceptional where the installation of a 5,000-k.v.a. rotary 
condenser is justifiable in order to improve the power factor. 

Mr. Fasola has drawn attention to the fact that in Figs. 4, 5, 6, 
and 7 no allowance has been made for the extra power consumed by 
the slip resistance, should these represent diagrams for a 3-phase rolling- 
mill motor. 

The curves on these diagrams were drawn to show the variation 
in motor output so as to be applicable to direct-curreut or 3-phase. 
Naturally, if a 3-phase motor should be employed to drive the mill 
and the motor input has to be considered, allowance must be 
made for these slip losses which will increase the peaks shown in these 
curves and will materially increase the variations of power given in the 
table on page 599. 

With regard to the adoption of a motor having a dircct-coupled 
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flywheel which would be arranged to run at 3 speed during the first 
passes, and then speeded up to top speed during the last passes, it is to be 
feared that this would cause some delay, especially if the flywheel were 
a heavy one, because the time taken to speed up would be appreciable 
on account of the amount of stored energy to be given to the flywhcel, 
and also when the bar was finished and it was desired to enter a new 
billet into the roughing rolls, either it would bc necessary to wait until 
the mill slowed up of itself, which would easily take several minutes, 
or else a brake would have to be applied to the flywheel. In any 
case there would be a loss of power unless the mill motor were a direct- 
current motor. The difficulty about using motors running at thrce 
fixed speeds for driving merchant mills is that three fixed spceds are 
not sufficient for the mill, and a large number of other speeds are 
required. This means that where a 3-phase motor is adopted, which is 
arranged to run at three fixed speeds, it is usually found to be running 
in practice with slip resistance in the rotor circuit, in order to obtain 
the exact speed required, and this involves waste of power. 

Mr. Allingham has referred to thc use of the flywheel as a means of 
equalising the power demanded of a rolling mill, and has suggested as 
an alternative the use of a storage battery, but for reasons detailed 
below I cannot see any wide field for the storage battery in steel works. 
In considering this question, attention has to be paid to two distinct 
cases. First, that of a reversing rolling mill or of a 3-high mill driven, 
on the Ilgner system, where the rolling mill motor is supplied from a 
motor-generator set on the so-called Ward-Leonard system, this motor 
generator set being provided with a flywheel. The primary object of 
adopting this motor-generator set is to obtain a very rapid and easy 
speed control, so that a large output can be obtained from the mill. 
The addition of the flywheel to equalise the power demanded is a 
secondary consideration. Secondly, the case of an ordinary two- or 
three-high mill driven by a continuous-running motor, to which a fly- 
wheel is coupled. In both these cases, if thé flywheel were dispensed 
with and a storage battery used to obtain power equalisation, the motor 
driving the motor-generator set in the first case, or the rolling mill motor 
in the second case, would have to be made large enough to cope with 
the maximum power demanded by the mill, and in practice it would be 
found necessary to adopt motors of four or five times the size that is 
necessary where a flywheel is used. The extra cost of these large 
motors would be considerably more than the costs saved by dispensing 
with a flywheel, and in addition to this the cost of a storage battery 
would be incurred, so that the storage battery arrangement would 
prove more costly than the flywheels which are usually used, and there 
is no apparent advantage to be gained in incurring this increased cost. 
Where there are a number of rolling mills in one works, the fluctua- 
tions of power of each mill motor tend to balance one another, thus 
rendering the demand on the power supply more or less steady, as 
illustrated by Fig. 14; so that in such a case it is extremely doubtful 
whether the provision of an equalising deviceis justified. It could hardly 
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be assumed that the rolling mills in a works are working more or less 
irregularly, because such a method of working would mean that the 
output would be small and the cost ОҒ production heavy. Itis the mill 
manager's constant aim to get as large an output as is possible out of a 
given mill, as this naturally lowers the cost of production, and to do this 
the mill must be kept regularly going all the time, the variations 
in power being such as occur betweenthe pass and the interval between 
passes, which are kept within reasonable limits by the flywheel. 
Naturally many rolling mills, particularly merchant mills, have to stop 
at times for changing rolls, but it is also the aim of the manager to 
change rolls as seldom as possible. The time occupied in rolling 
should be long in proportion to the time occupied in roll changing, so 
there is not much advantage to be gained by storing energy ina battery 
during the period of roll changing in order to give it out again during 
the period of rolling. 

It should be pointed out that the losses of a flywheel are constant, 
independently of the power which it takes in and gives out, so that the 
harder the mill is working the more efficient the flywheel becomes as a 
power equaliser, and at the full output of the mill the flywheel losses can 
easily be only 1 or 2 per cent. of the total number of units of electricity 
taken to roll. On the other hand, the losses of a storage battery are 
proportional to the power which it stores and gives up again, so that 
these losses increase as the mill is being worked faster, probably in such 
a manner that they amount to a fixed percentage of the total number of 
units of electricity taken to roll, and it would be of technical interest to 
see whether this percentage could be reduced below, say, 1o per cent. 

Dealing with the case of a storage battery applied to a 3-phase 
system from which rolling mills are supplied, I am of opinion that if 
such a case should be fully investigated it would be found both cheaper 
in capital cost and more efficient in operation to convert the whole of 
the current to direct current and to apply direct-current motors to the 
mills, the storage battery being employed on the direct-current side of 
the system, because of the large proportion which the maximum powers 
bear to the average power which the rolling mill motor would take in 
such cases, if it were not provided with a flywheel. Thus the average 
power would be converted from 3-phase to direct current and the 
maximum powers would not have to be converted from 3-phase to 
direct current, and vice versá. I am only aware of one case where a 
storage battery is used in steel works, and this is where an electrically 
driven blower is used for blowing the Bessemer converters and the 
electric power is transmitted from a gas-engine-driven power house 
some 5 miles distant. A storage battery is provided of such capacity 
that if the electrical supply should fail the blow of the converter could 
be finished from energy supplied by the battery, and the ingots cast, 
thus avoiding the possibility of spoiling the stecl in the converters, or 
damaging the converters themselves. These works possess a large 
number of electrically driven rolling mills, and in every case flywheels 
are used to keep the fluctuations in power within reasonable limits. 
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Mr. Alan Williams has referred to slip resistances and series resis- 
tancesin connection with rolling mill motors, and has described a direct. 
current system in this connection. The usual practice is that where a 
direct-current rolling mill motor is used it would be a compound-wound 
machine, so that the speed falls as the load increases, enabling the 
fly wheel to give up its stored energy in order to assist the motor where 
the demand for power is great. Such a compound-wound motor fall: 
in speed without involving any loss of power, and no series resistances, 
which would cause a loss of power, are required. Further, to suit the 
rolling of different sectionsin a merchant mill where the mill is required 
to run at different speeds, according to the section being rolled, the 
speed of the mill motor is varied by shunt regulation, and in practice it 
is found that the variation of speed required for the mill is always less 
than the variation which can be obtained by shunt regulation. Where 
the speed is varied in this manner by shunt regulation, the turning 
moment increases as the speed falls, which is very suitable to the 
requirements of the mill, as heavy sections requiring larger turning 
moments are usually colled at the lower speeds. 

The C.M.B. system, which has been described above, offers an 
alternative method to the employment of a compound-wound motor 
where speed variation is obtained by shunt field regulation, and the 
adoption of this system would enable a rolling mill motor of a smaller 
and cheaper type to be used, but against this it must be remembered 
that this advantage is obtained by installing an additional machine, 
namely the direct-current dynamo which is coupled to the rotary 
converter, and the capital cost of this additional machine is to tx 
considered, so that on the whole the capital cost of the plant will 
probably be increased. Further, this C.M.B. system would not be s 
economical as a plain compound-wound motor, as the electrical losse 
of this additional dynamo have to be considered. The C.M.B. system 
as far as rolling mill work is concerned, involves additional compt- 
cations, and it is not evident that it offers any corresponding advantage. 
so that it seems hardly likely that it will find a field of application fc 
rolling mill work. 

Mr. Mountain has raised the question of the comparison of th: 
cost of rolling per ton between electrically driven rolling mill: 
and those driven by high-class economical steam engines in con- 
junction with exhaust steam turbines, and presumably he refers te 
reversing rolling mills. It is not possible to make a general statement 
about this, because the comparison depends to a great extent on the 
conditions obtaining in the works using the reversing rolling mills, and 
it is seldom possible to name two works where the conditions are the 
same; but if a number of cases be investigated at random it will Ix 
found that a large proportion show results favourable to electric driving. 
One of the most obvious cases which is favourable to clectric driving i 
that of a steel works having blast furnaces producing a definite amoun: 
of gas. If this gas is utilised in the most economical manner, that is tc 
say, if gas engines are installed to blow the furnaces and to produce 
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electric power, a part of which will be used to drive the reversing 
rolling mills electrically, the gas in most cases will suffice to produce 
all the power required for the works. If, on the other hand, steam 
reversing rolling mill engines, together with exhaust steam turbines are 
used, and that gas which remains over after a sufficient quantity has 
been taken to heat the stoves and to supply the blast for the furnaces 
be burnt under boilers to raise steam, it is found in general that there 
is not nearly sufficient gas to produce the power required, and that 
considerable quantities of coal have to be burnt, the cost of which can 
easily run into many thousands of pounds per annum, even to tens of 
thousands. It should always be remembered that the amount of gas 
available, which may be looked upon as one of the natural resources of 
an iron works, is strictly limited, and so this limited amount of gas 
should be made usc of to the best advantage. I have in mind a case of 
some high-class economical rolling mill engines, less than four years 
old, rolling rails in a works where the conditions are generally as above 
and where coal has to be burnt to supply the surplus quantity of steam 
required for the engines, which cannot be raised by burning gas. The 
cost of power is said to be of the order of 2s. 6d. per ton. If gas 
engines are used and the electric drive installed for driving the revers- 
ing rolling mills, then Continental practice has shown that power can be 
generated for less than o'15d. per unit, including all capital and upkeep 
charges. This would enable rails to be rolled for a power cost of 6d. 
per ton, against 2s. 6d. for steam. 

Itis doubtful whether the enormous progress which the blast furnace 
gas engine and the clectrically driven reversing rolling mill have made 
on the Continent during the last four years is fully realised in this 
country. Any engineer who chooses to make an investigation of the 
working of large blast furnace gas engines on the Continent will find 
ample proof that they are showing themselves as reliable as slow-speed 
steam engines, and it is sufficient to say that there are over со electric- 
ally driven reversing rolling mill plants on order or at work on the 
Continent, and the managers of the various works have decided to adopt 
the electrically driven reversing rolling mill, after the leading manufac- 
turers of high-class reversing rolling mill steam engines have had every 
opportunity of showing what they can do with their most improved 
type of modern engine. It is well worth the while of any engineer who 
is concerned in these matters to investigate the conditions in the Con- 
tinental steel works at the present time, and there is little doubt that he 
will find the results surprising. | 

The advocates of the exhaust steam turbine for use in conjunction 
with rolling mill engines are wont to overlook a number of important 
points. One of these points is that an efficient combined plant, namely, 
a reversing rolling-mill engine and exhaust steam turbine, cannot be 
made unless the steam engine itself isa very efficient high-class machine. 
A little consideration will show that this is the case. The effect of 
moisture in the low-pressure steam in the steam consumption of the 
exhaust steam turbine is sometimes lost sight of altogether. The effect 
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of the exhaust steam turbine in diminishing the output, which can be 
obtained from the mill, and in increasing the steam consumption of the 
reversing rolling mill engine, has not been sufficiently considered ; the 
former is a most important point on account of the effect it has on the 
cost of production per ton of steel, while the latter point has been dealt 
with in a paper by Mr. Т. В. Mackenzie,* entitled, “Оп Means for 
Economising Fuel and Utilising Waste Heat in Malleable Iron and 
Steel Works.” 

Mr. Norman Hockley has called attention to the speed curves of the 
motor, for which Fig. 12 in the paper was drawn. In drawing these 
curves, it was supposed that the motor was a shunt-wound machine, 
having a practically constant speed characteristic—a condition which can 
be obtained with a suitable armature reaction—and this case was chosen 
in order to keep the issue clearer. Mr. Hockley's suggestion of the 
combination of a continuous- and intermittent-slip regulator, consisting 
of a compound winding and an automatic apparatus for strengthening 
the shunt field, is an ideal one to meet certain cases, and this finds 
application in the case of the motor driving the flywheel motor- 
generator sct supplying an electrically driven reversing rolling mill. 

Mr. Eckmann has referred to my suggestion that the two forms of 
slip regulator should be renamed because the present custom of naming 
one of these slip regulators “ automatic," when both are automatic in 
their action, is misleading. While I think there is still room for im- 
provement in the names which I suggest, I also think that the names 
suggested by Mr. Eckmann do not meet the case because he still 
introduces the word “ automatic” into the name of one regulator and 
not into thc other. With reference to the question as to whether the 
regulators should be called slip regulators or current regulators, I 
think this depends largely on the point of view from which the 
question is regarded. From the mechanical point of view there are 
advantages in the term “ slip regulator," as it conveys at once the fact 
that the flywheel falls in speed, giving up its stored energy. Mr. 
Eckmann also criticises my statement that there is no causc for alarm 
about the flywheel not regaining its stored energy where long passes 
are succeeded by short intervals. Naturally, as was pointed out in the 
paper, in such a case the average power will approach nearly to the 
maximum power, so that the flywheel is not of very much benefit, but 
in such a case the flywheel will regain its speed and there will be no 
difficulties caused by the mill running continually below speed. At 
the same time, I am obliged to Mr. Eckmann for pointing out that the 
power taken during the passes in curves 4, 5, 6, and 7 should not be 
shown as constant, but as diminishing as the speed decreases. If the 
curves are shown in this way, the maximum power required by the 
motor is reduced, and a slightly greater accuracy is obtained from a 
theoretical point of view. This, however, would involve considerable 
complications in the calculations, which, after all, are based on certain 
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assumptions that may give rise to certain errors. The method which 
I show in the paper tends to make the motor too big rather than too 
small, which from a practical point of view is not a bad fault in rolling- 
mill work, where the power required to roll the material on which such 
deductions are based cannot be determined with scientific accuracy, 
but is subject to variations due to speed of rolling, temperature, etc., 
and suitable margins must be allowed in the size of the motor for 
driving the mill, so that it can give sufficient power under such con- 
ditions, while at the same time it is not unduly large. 

I think the reason that the 3-phase motor with the 3-step pulley for 
driving merchant mills has proved wasteful is because many people, when 
considering a new mill, are disposed to think that three speeds only 
will fulfil all their requirements ; they find when they get to work that 
this is not the case and that they want intermediate speeds and so have 
to use the slip resistance in order to obtain these speeds, which natu- 
rally wastes power. In certain cases where this system has been 
installed I understand that this is regularly done, and that the waste 
which 15 occasioned may be exemplified by the fact that such merchant 
mills are said to consume from 30 to до per cent. more units per ton 
than those which are provided with a variable-speed motor. Of 
course, if we could find an ideal case wherc three speeds only were 
required and where it was not necessary to reduce the speed in order to 
get the rolls to bite the bar under certain conditions or for other causes, 
the 3-step pulley arrangement would prove fairly efficient. The Прпег 
system, of course, is advocated for large 3-high mills, that is to say, 
20-іп. mills and upwards, where it would hardly be practicable to use 
the 3-step pulley system, on account of the number of ropes, etc., 
which would be required to transmit such powers as are needed to drive 
mills of this description. Although, as Mr. Eckmann points out, from 
an electrical point of view the Ilgner system for driving 3-high mills is 
not very efficient; still, when due consideration is taken of the fact 
that a larger output can be obtained, that the bars are rolled faster and 
so there is not sufficient time for the temperature to fall much, it is 
found that less power is required to roll the steel, so that there is a 
considerable gain in this direction, as is shown by the low values for 
the kilowatt-hours per ton rolled which are obtained from such Ilgner- 
driven 3-high т15. 

In Mr. Eckmann’s remarks about the compounding of the so-called 
* Kramer " system, I think he has based the figures on the assumption 
that 5: 1 speed variation is required, but in practice the usual speed 
variation for merchant mills is 2:1, or at the very utmost 3:1, so that 
the difficulties which he anticipates do not occur. I do not think that 
the efficiency of the electrical drive can be over-rated, provided that it 
is not obtained by too great a capital cost or by other attendant dis- 
advantages. It is just as necessary that the electrical drive should be 
made efficient as that the various losses in the mill should be reduced 
as far as possible, so that the cost of rolling a ton of steel should be 
reduced to the minimum possible. 
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With reference to Mr. Kaula's remarks, I did not deal with the 
multi-speed 3-phase motors consisting of a combination of cascade and 
pole-changing arrangements, because they are subject to the same 
disadvantages as the 3-phase motor and 3-step pulley arrangement. 
namely, that they only give certain definite speeds, and we are not 
able to obtain any speed over a large range of speed variation. 

Mr. Yerbury, in saying that no hard-and-fast rule can be laid down 
for the comparative costs of electrical and steam or gas power fo: 
rolling-mill driving, and that each scheme must be considered on its 
own merits, has, I think, summed up the situation very completelv. 
In Sheffield, where gas costs 11d. per 1,000 cub. ft., I expect that in 
certain cases gas is a formidable rival to electrical power, more 
especially in driving small mills rolling such light material that the 
power actually taken for rolling is a small percentage of the power 
consumed by the friction of the mill, so that the power demand is 
pretty constant. For driving larger mills, howevor, where the power 
may be subject to considerable fluctuations, the situation is com- 
pletely different owing to the notoriously bad overload capacity of the 
gas engine. 

As an example, a 350-H.P. motor would be found ample for driving 
a 12-іп. merchant mill rolling up to 3-in. x 3-in. angles, 4-in. flats or 
14-іп. rounds, under ordinary conditions; but to get the same ошірс: 
with a gas engine an engine of from 600 to 700 B.H.P. would have t 
be installed to take care of overloads, and the saving over electrica! 
power with electrical current at o'6d. per unit, effected by the gas 
engine, would not be sufficient to pay the interest on the extra capital 
expenditure on this engine with a mill working under ordinary 
conditions. 

There are naturally many works where furnace gases are available 
for generating steam, particularly in iron works where steam boilers arc 
regularly employed to raise steam by using the hot gases from puddlinz 
furnaces. There is also naturally a definite relation between the steam 
available from the puddling furnace boilers and the power required to 
roll and finish the iron produced by the puddling furnaces under 
definite conditions. It is often found that the steam raised from waste 
heat is insufficient to provide the power required, so considerable 
quantities of coal may have to be burned if the mills are driven bx 
steam engine, and this is particularly the case in an iron works where 
a considerable quantity of steel is being rolled in addition to the iron. 
as the steel creates a large demand for power without increasing the 
waste heat available. For economical working it is necessary to use 
the waste heat, which constitutes the natural resource of an iron work. 
as economically as possible, and in several works it has been found that 
great savings have been effected by having, instead of a large number 
of steam engines scattered about the works, fed through long ranges of 
steam piping, electrical power generated in a high-pressure turbo- 
generator and driving the mills and the auxiliary machines electrically. 
'This has enabled a greater quantity of power to be generated from a 
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definite amount of waste heat available, and has obviated the necessity Mr. Ablett. 
of burning coal for raising steam. 

The 12,600-H.P. motor mentioned on page 614 of the paper, to which 
Мг. Burnand draws attention, is direct-coupled to the mill which it is 
driving ; that is to say, it is coupled to one of the pinions by the usual 
form of crab, and the pinions are coupled to the roll wobblers by 
the usual arrangement of leading spindles and muff couplings. That 
this coupling does not present any problem out of the ordinary 15 
shown by the fact that reversing mill engines, which can give powers 
up to 18,000 or 20,000 H.P., are coupled to the mills which they drive in 
a similar manner. The accelerating and reversing facilities that have 
been mentioned have been proved by tests, and as such rapid accelera- 
tions do not demand more than a small fraction of the motor-powers, 
they do not present a difficult problem. The 12,600-H.P. motor 
mentioned above only gives such powers as this when a bar is in 
the rolls, and so is working very intermittently as it is supplied through 
a flywheel motor-generator set, whose function is to ensure a steady 
average demand on the power station plant of less than 2,600 H.P. 
The use of such Ilgner plant does not create conditions requiring 
the installation of 12,000-H.P. turbines or generating plant of any- 
thing like this power. The coupling of a steam turbine to*the fly- 
wheel motor-generator set presents many advantages, and is now 
receiving serious consideration in several quarters. If Mr. Burnand 
proposes that the variable voltage generator of the flywheel motor- 
generator set be a turbine-driven homopolar machine so that high 
speeds would be adopted, then there is the possibility that wire-wound 
flywheels would be required ; but this is probably looking rather far 
into the future, as the homopolar machine has still to prove itself. 
It would be a matter of technical interest to see the series system 
installed for driving a reversing mill, but I cannot see that it would 
present any commercial advantage by reducing the cost of the 
installation. 

In reply to Mr. Ellison’s question, I do not think it necessary to use 
two motors to drive а 12-in. merchant mill, but I think it would be of 
advantage to do so, if large outputs are required, for in addition to 
making the speeds of the roughing and finishing rolls independent of 
one another, it would enable the roughing rolls to be placed in tandem 
with the finishing rolls without the complication of a rope drive and the 
disadvantage that in such a case a portion of the flywhecl potver may 
have to be transmitted through the ropes. 

Mr. Wood has referred to a form of intermittent-slip regulator con- 
sisting of a liquid resistance which was worked by a boy stationed at 
it, so that the boy increased the motor slip as soon as he saw that a bar 
was about to be entered into the rolls. This form of slip regulator is, of 
course, almost an ideal one, because it anticipates the need for power, 
instead of coming into action after the increase in power itself has 
occurred, and the ideal slip regulator would be one governed auto- 
matically in such a way that it anticipates the need for power. 
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I do not consider that we can assume that the loss in a properiv 
designed rope drive would just about off-set the loss due to low efficiency 
of a slow-speed motor, but consider that the loss of the rope drive i5 
much greater in such cases where the power varies greatly. I think 
this is evident when it is considered that the loss in the rope drive goes 
on continuously whether the ropes are transmitting their full power or 
not, while any loss due to lower efficiency of a slow-speed motor is a 
proportion of the power which the motor is actually giving, and not of 
that which it can give. 

With reference to Mr. Rosher's remarks about Figs. 4, 5, 6 and 7 in 
the paper, these were drawn merely as illustrations of the behaviour oi 
the flywheel and motor in a number of simple cases, in order to enabk 
a better understanding to be obtained of the more complicated cases 
which usually occur in rolling mill work. It happens, however, that 
while these diagrams do not represent conditions which often occur in 
practice, yet some of these do represent the conditions obtaining in 
certain forms of tube mills. 

Before condemning the gearing of a motor to the mill, I think it 
should be considered that, as before mentioned, there are зо large 
reversing rolling mill installations at work in different parts of Europe, 
in which the motors give powers up to 10,000 or 12,000 H.P., and that 
in nearly every case the motor is direct coupled to the pinions so 
that half the motor power is transmitted through thc pinions to drive 
either the top or the bottom roll, according as the motor is coupled to 
the top or bottom pinion, there being no flexible coupling between 
the motor and the pinions. Іп several other cases, these large reversing 
motors are driving through gearing, the pinion being direct-coupled to 
the motor. Each one of these reversing mill drives has worked vert 
satisfactorily. There are also a considerable number of electric motors 
driving rolling mills through gearing, in England, which have worked 
very well. We, therefore, have a large number of cases on record 
where the motor is driving the rolling mill through gearing without any 
flexible coupling being interposed between the gearing and the motor 
and where the results have been very satisfactory. 

The case which Mr. Rosher mentions of a sheet mill which 1s 
driven through spur gearing by a 250-H.P. motor is also interesting, and 
I should quite anticipate that it would be found necessary to inser: 
a resistance in the rotor circuit of this motor. Before this resistance 
was inserted the motor would probably be giving very large overloads, 
and the effect of inserting the resistance would be materially to reduce 
these overloads. These overloads would naturally cause an increase c 
saturation in the magnetic circuit in the motor, which would be accom- 
panied by a certain amount of noise, and I should think this very 
probably accounts for the grinding which was mentioned. Mr. Rosher 
has also mentioned the application of the pole-changing 3-phase motor, 
and the 3-phase cascade system to merchant mills where a variable 
speed is required. The chief objection to these devices is that they 
only give a few fixed speeds which in general do not prove sufficient to 


1912.) DRIVING ОЕ ROLLING MILLS: DISCUSSION. 665 


meet the requirements of the mill, so that resistance would have to bc Mr. Ablett. 
inserted in the rotor circuits in order to obtain intermediate speeds, 
which naturally involves waste of power. As a merchant mill rolls 
the heavy sections at the low speeds, which require a greater turn- 
ing moment than the smaller sections, which are rolled at a high 
speed, in general the motor driving a merchant mill has to be capable 
of giving the same power at all speeds. That 15 to say, the turning 
moments should increase as the speed falls. If a pole-changing motor, 
therefore, is employed, it would have to be a big machine of which the 
capital cost would naturally be high, in order to give the required power 
at the low speed. Both the pole-changing motor and the 3-phase cascade 
system suffer from the disadvantage that the power factors at low 
speeds are not good, which in some cases is a drawback, and the 3-phase 
cascade system suffers from the additional disadvantage that when it is 
being worked “ cascade,” the fact that the rotor of one machine is con- 
nected to the stator of the other makes the power factor in the rotor of 
the first machine bad, and as the power factor in the rotor circuit has a 
great influence on the turning moments which the induction motor can 
give, this tends to limit the overload capacity of the machines. 

The comparison of costs between a steam-driven and an electrically 
driven mill which Mr. Rosher mentions is very interesting, but I 
should suppose from the figures which he gives that this mill is one 
which 15 working very intermittently indeed, so that the upkeep 
charges of the steam plant form a large proportion of the total cost. 

Dr. Smith has referred to the frequency changer as a means of 
obtaining variable speed from a 3-phase motor without loss of power. 
At the Hagen Cast Steel Works in Westphalia, as well as in several other 
places, such an arrangement is adopted for driving the merchant mills ; 
possibly the following brief explanation of the system may prove 
interesting: The frequency converter gencrally resembles a rotary 
converter, but the field-poles have no winding. If a rotary converter 
is run at a synchronous speed and supplied with 3-phase current, it 
will give direct current at the commutator. If, however, the rotary 
converter is at standstill, 3-phase current will pass through the machine 
with unchanged frequency. If a rotary converter is run at speeds 
intermediate between synchronous and standstill, then the frequency 
at the commutator is proportional to the amount which the speed is 
below synchronous speed. It is therefore possible to couple such a 
frequency converter toa 3-phase motor, to connect the commutator of the 
frequency converter to the slip rings of the 3-phase motor, and to connect 
the slip-rings of the frequency converter tothe supply mains, If, then, 
the main 3-phase motor is to be run below speed, the frequency 
converter takes power out of the rotor circuit, converts this power 
from low frequency back to the frequency of the supply, and returns 
it to the supply mains, so that the power is not wasted. When such 
a frequency converter is used, the main 3-phase motor can run above 
synchronous speed, but in this case energy is taken from the supply 
system and given to the rotor circuit, and it is usual in a frequency 
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converter drive to choose a synchronous speed, so that it comes about 
the middle of the speed range over which variation is desired. 

Mr. Milns has mentioned that he usually finds that the cost of 
working is the determining factor. This, of course, is so in certain 
cases, but among the large steel works the question of output is also 
a very important factor, too, because where large outputs can be 
obtained the cost of working is naturally cheapened, as the establish- 
ment charges are reduced. Mr. Milns has also referred to the 
importance of eliminating all sources of friction as far as possible 
when converting an old mill to the electric drive, and this is a point 
in which I am in most complete agreement. I think, however, that 
with new mills the question of reducing the friction as far as possible 
has not been given as much attention as it might have had in the 
past, but there is no doubt that as electrical driving finds a greater 
adoption and the power absorbed by the mills can be easily and 
accurately measured, the losses due to friction. will become more 
and more appreciated and measures will be taken for their pre- 
vention. 

Mr. du Pasquier has called attention to the fact that in the con- 
clusion on page 621 of the paper the slow-speed motor is not debited 
with any slip 1055. This has been done purposely, as I had in mind 
one of thc various types of slow-speed 3-phase motors which can 
be arranged to fall in speed as the load increases without incurring 
any loss thereby. In the case of the 600-H.P. motor driving a sheet 
mill by means of twenty 2-in. ropes, which I mentioned, the flywhecl 
was running at a slow speed, being direct coupled to the mill and 
was not on the motor shaft, so that the flywheel was not discharging 
through the ropes. As Mr. du Pasquier remarks, the number of 
ropes provided certainly appears excessive, but the plant was put 
in to the designs of a well-known mechanical engineering firm who 
claim a very wide experience in rope driving. I have recently 
collected all the data I could about the rope drives for half a dozen 
or so sheet and tinplate mills, and I find in every case that the drive 
was much over-roped, quite in the proportion of the case indicated 
above, presumably to deal with the large instantaneous powers 
which may occur. This, as I have already pointed out, largely 
accounts for the large rope losses. I might take this opportunity 
of saying that Mr. du Pasquier is mistaken in thinking that I have 
recommended a rope drive for a new sheet mill on the north-east coast. 

I do not think that I have dealt unduly hardly with the 3-ѕреса 
rope pulley drive for obtaining three speeds for a bar mill when an 
ordinary 3-phase motor is used. It is found in practice that with this 
drive three speeds are not sufficient to meet with the various require- 
ments of the mill, and that for rolling many sections intermediate 
speeds have to be obtained by adjusting the ropes for the next higher 
speed and then reducing the speed by means of the slip resistance, 
which naturally entails a waste of power. For this reason I do not 
consider that the 3-speed rope pulley is the commercial solution of 
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this particular engineering problem. It is true that it is an arrange- 
ment of which the capital cost is very cheap, but, on the other hand, 
the working costs are high, and in most practical cases I have little 
hesitation in saying that if the increase in the working costs involved 
by using tbis arrangement are capitalised it will be found cheaper to 
have adopted a more cfficient drive though it may have been more 
expensive in first cost. For this reason I consider the 3-speed rope- 
pulley drive as commercially unsound unless the cost of power should 
be exceptionally low. 

Mr. du Pasquier has offered some criticism of the variable-speed 
scheme which is illustrated on page 619, and seems to prefer the use 
of a direct-current motor, which is supplied with current through a 


rotary converter and a transformer for driving a merchant mill where 


3-phase current only is available, I am not in agreement with this, 
because in the case of the scheme shown on page 619 the main 3-phase 
motor is the only machine which is really necessary to drive the mill, 
and the rotary converter and the direct-current motor can be regarded 
as refinements introduced for the sake of economy. If anything should 
go wrong with either of these two machines, then the mill can still 
be run without interruption by the main 3-phase motor, the speed 
being reduced by means of a starter, which though uneconomical is 
good enough for a temporary expedient. The variable-speed 3-phase 
scheme, therefore, may be regarded as a one-link chain, as it depends 
for its reliability only on the plain 3-phase motor, which is in every 
respect a well-known and well-tried machine. On the other hand, 


if a transformer, a rotary converter, and a direct-current motor be 


installed to drive such a mill the full power must be transmitted 
through each one of these mechanisms, so that each one of these 
three pieces of apparatus is indispensable to the working of the mill, 
and if for any cause any one of these three should fail then the mill 
will be stopped. This must hence be regarded as a 3-link chain 
which is no stronger than its weakest link. Mr. du Pasquier has also 
referred to the case where there are a number of merchant mills in 
one works for which 3-phase current only is available. I would hardly 
suppose, howcver, that he would propose to convert the 3-phase 
current into direct current in a single transformer and single rotary 
converter in order to supply these mills, as this would make the whole 
works dependent on two machines, the failure of either one of which 
would be to bring the plant to a standstill, Mr. du Pasquier also 
refers to the use of the system illustrated on page 619 of the paper for 
driving shect mills, and draws the conclusion that the use of this system 
is commercially unsound, on the supposition that it is used to save 
rheostatic losses only, the average slip being of the nature of 5 to 
74 per cent. If the average slip with a sheet mill were really as small 
as this I should have no hesitation in agreeing entirely with Mr. du 
Pasquier's conclusion, but in practice it is often found that much 
larger slips than this have to be considered, and in addition there 
are a number of other considerations which, when taken into account, 
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make the proposal very sound indeed when worked out on a basis 
of pounds, shillings, and pence. 

With reference to Mr. Taylor’s remarks about the overload capacity 
of electrical plant and the advisability of allowing mill motors to carry 
such overloads, it may be mentioned that direct-current motors are 
being regularly built for 300 per cent. overload and more, and if such 


large variations of power are not objectionable to the supply system, 


then it is obviously right to install a motor of such a large overload 
Capacity and allow the power to vary to this extent, using only a 
light flywheel, or else restricting the fall in speed to enable the fly- 
wheel to take effect, as in the one case greater economy is obtained 
and in the other case greater output can be obtained. The cost of the 
electric motor, however, will naturally be somewhat increased. 

Dr. Kapp has referred to the practice which has obtained in a 
number of places on the Continent of providing cast-iron cases for 
the high-speed flywheels of Прпег motor-generator sets and of 
exhausting the air from these cases so that the flywheels run in a 
vacuum. It has been found, however, that there is little to be gained 
by this, as a very large proportion of the total power which is saved 
by running the flywheels in a vacuum is absorbed in maintaining the 
vacuum. In the case of high-speed Ilgner flywhecls the windage 
forms by far the greatest proportion of the loss, and it is found in 
practice that most of this windage is produced by the rim of the whecl, 
so that if a light metal cover is provided over the rim of the wheel the 
windage loss can be reduced to reasonable proportions. Dr. Kapp has 
also referred to the possibility of using the commutator 3-phase motor 
for driving rolling mills, and it may reasonably be expected that this 
machine will find considerable adoption in the future for this purpose, 

Mr. Orsettich has asked how Figs. 4, 5, 6, 7, and 8 were ob- 
tained. The first four of these were drawn to illustrate generally 
the behaviour of a motor and flywheel under various conditions. They 
are drawn from theoretical considerations and do not represent the 
results of practical tests. Fig. 8, however, is drawn to show the prac- 
tical conditions of a rolling mill and is drawn out from the results of 
practical tests, many of which have become available as numerous 
electrically driven rolling mills are set to work. In the case which 
Mr. Orsettich mentions that he has investigated, which I take to be 
the question of using the Ilgner system for driving a large 3-high mill, 
I think there must have been somcthing very exceptional in the con- 
ditions if he found that the use of the Ilgner system would increase 
the total cost of the plant by from 20 to 25 per cent. 

The suggestion which Mr. Moffett makes, with regard to the use 
of a slipping clutch for transmitting the power from the rolling mill 
motor to the mill, is very interesting, and it would be of great interest 
to sec it applied in practice, and particularly to obtain some definite 
data as to whether the frictional losses in the slipping clutch were 
considerable or not. 
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REPLY TO THE DISCUSSION BEFORE THE NEWCASTLE LOCAL 
SECTION. 


Mr. L. Котнека (on behalf of the author): Mr. Stoney raised the M 


question as to the comparative efficiency of the Ilgner plant as com- 
pared with a 3-phase motor using a slip resistance. The overall 
efficiency of the Ilgner system, as a rule, varies between бо and 7o 
per cent, whicb, as Mr. Stoney points out, is somewhat less than 
a 3-phase motor with a slip resistance, but at the same time, as 
the author points out in the paper, when using this type of plant 
an increase in output from the mill of from 20 to 3o per cent. 
can be obtained. Owing to the more rapid rolling thus obtained the 
temperature at which the metal is worked remains higher, so that, 
although from theoretical considerations the 3-phase motor might be 
more economical, it 1s found in practice that the consumption of 
energy per ton rolled is less in the case of the Ilgner plant. With 
regard to the doubt that Mr. Stoney expressed as to the equalising 
effect of the load on the power station due to the installation of the 
electric drive for three or four rolling mills, this effect was clearly 
shown on one of the slides during the lecture, which showed a case in 
which three large mill motors were supplied from the same power 
station. In the case of another mill, where there are three large 
motors installed of a total power of r,300 H.P., and a considerable 
number of small motors taking approximately 200 H.P. constant power, 
it is found that the maximum peak load on the station does not exceed 
630 k.w., which shows to what an extent the equalising of the load 
occurs. The conditions occurring in the case of a tramway system are 
not in any way comparable with the conditions which a rolling mill 
produces, as in the latter case a considerable number of peak loads 
occur per minute, whilst in the case of a tramway system a car will not 
be started or stopped nearly so many times. 

In reply to Mr. Marshall's objection to the names suggested by the 
author for the two types of regulators, the author admits that the names 
perhaps might be improved upon, but at the same time it must be 
pointed out that the author's suggestions will do equally well for the 
case of a direct-current or alternating-current system, whereas the 


terms “fixed resistance type" and "variable resistance type," put. 


forward by Mr. Marshall, although excellent for alternating-current 
work, are not suitable for direct-current work. Another point to be 
remembered is that, when putting forward systems to men whose 
knowledge of electricity is limited, the author's terms have the 
advantage that attention is drawn to the fact that a slip is produced 
with an increase of load, thus conveying the impression that power is 
being taken from the flywheel. Mr. Marshall also suggested that the 
efficiency of a motor with a slip regulator was better than the variable 
speed set described in the paper. Assuming an ordinary 3-phase 
motor with an efficiency of 92 per cent., and introducing into the rotor 
circuit of this motor a slip resistance designed for 20 per cent. drop in 


VoL. 48. 
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670 ABLETT : PRINCIPLES INVOLVED IN ELECTRICAL f( 11th Jan. 


Mr. speed, the efficiency at full load of such a motor would be appron- 

Rothera. . : : 
mately 72 per cent., whereas a variable speed set running at a medium 
speed of 125-250 revs. per minute could be designed for an overall 
efficiency at full load of 88 per cent., and even in the case of a slow- 
speed set running at about 40 revs. per minute, the overall efficiency 
would not be less than 85 per cent. 

Dealing with the question of systems of charging adopted, the 
author is aware that a charge on the instantaneous peak loads is not 
the usual practice, but when contrasting the effect of various systems 
of charging on the design of motor and flywheel, he thought it advis- 
able to call attention to all systems for purposes of comparison. 4 
member brought forward the point that, in the case of a private power 
station, what was particularly wanted was some means of keeping пг 
the power factor. There is, perhaps, a tendency to attach too much 
importance to this point, due to the fact that experience has Бесс 
gained in the past on stations supplying a large proportion of lighting 
as well as power where a bad power factor has a prejudicial effect oc 
the voltage regulation of the supply. In the case of a power statios 
supplying load to a large works, it may be found cheaper to install ar 
entirely separate generator for dealing with the lighting load, an? 
somewhat larger generators for the power load, than to employ speci: 
plant for improving the power factor of the motor system. In sucha 
case there would be no necessity to trouble particularly about tix 
power factor. 

Mr. Hanks raised the question as to the possibility of supplying 3 
contactor system in place of the liquid intermittent-slip regulata 
shown in Fig. то. Тһе method proposed by him was very ingenioc- 
and it would be interesting to know what time lag such a system « 
coils would have, in view of the fact that a large number of relavs have 
to come into operation. As no such systems have been put into opera 
tion in the case of rolling mills, it is reasonable to suppose that it t 
found in practice the time lag for this type of apparatus is excessive іс” 
dealing with the very short heavy peak loads occurring in rolling-mi. 
work. 

Dealing with the points raised by various spcakers with regard :: 
the question of rope losses, the figures put forward by Mr. Ingham are 
of great interest. The author has investigated a large number of rop 
drives in existence, and finds that in practically every case sufficier: 
ropes have been installed to transmit twice the normal power of th: 
motor. This design may be wrong, but it has been the practice up t 
the present. The author points out that a rope drive involves a торе: 
cent. loss of power. It is perhaps better to say that a rope drive 
involves a loss of 5 per cent. of the power which the ropes are designes 
totransmit, which, in view of the fact that the ropes have been normalix 
designed for transmitting double the normal power of the moto: 
represents a loss of 10 per cent. on the full-load power of the motc:. 
Various speakers gave particulars of the losses occurring in rope drive: 
in the Lancashire cotton mills, and the figures stated the rope loss ia 
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such drives was from 34 to 4 per cent. It is well to point out that the 
case of a cotton mill is very different to that of a rolling mill, since in 
the former case a practically. steady drive is obtained, whereas the 
power in the latter fluctuates rapidly between very wide limits. It 
would be of interest to know how the above figures for ropelosses were 
obtained, and it appears probable that the method employed was to 
indicate the engine running light. This method is open to very 
considerable errors, due to the small area of the indicator diagram, and 
doubts as to the mechanical efficiency of the engine. The only 
accurate method of obtaining such losses would be to install a motor 
of just sufficient power to drive the ropes round light, and to measure 
the input electrically. Mr. Ingham stated that for a motor of 1,000 H.P., 
the average load of which would be in the neighbourhood of 500 H.P., 
he would install ropes designed to transmit a normal power of 
800 H.P. Asa motor of this power might easily be called upon to deal 
with overloads up to 2,000 H.P. at frequent intervals, it appears to me 
that the life of the ropes would be very small, and, in view of the fact 
that in the case of a rolling mill absolute continuity of the drive is 
essential, it would appear to be false policy to install ropes stressed to 
too high a limit, and I am of the opinion that most rolling mill 
engineers would prefer to lose the additional power in transmission 
losses, to the fear that the ropes might fail at any moment. 


Mr. 
Rothera. 
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Proceedings of the Five Hundred and Thirty-Second 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held on Thursday, 25th 
January, 1912—Mr. S. Z. ре ГЕввкамті, Presi- 
dent, in the chair. 


The minutes of the Ordinary General Meeting, hcld on Thursday, 
18th January, 1912, were taken as read, and confirmed. 


Messrs. M. Rosenbaum and M. G. Bland were appointed scrutincers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected : — 


ELECTIONS. 


As Members. 


Minor Meek Davis. John Alexander McLaren. 
Augustine Davy. George William Malcolm. 
John William Licb. Walter John D. Partridge. 
James Lyman. Henry Rottenburg. 


As Associale Members. 


Frederic Clement Aldous. Gerard Herman Langeler. 
Eugene Nial Allan. Arthur Sanderson Robertson. 
Dhiranga Nath Banerji. William Ellerd Styles. 
William Alfred Barnett. Tom Tavlor. 

: George James Beattie. John Godfrey P. Thomas. 
Stanley William Cobban. Kenneth John Thomson. 
William Joseph Cockshott. John Kilner Wells. 

Stratten Holmes. Henry Wilson. 
Thomas William S. Hutchins. Russell Stuart Wright. 


As Associates. 


Harold Ernest Goody. Charles Smart Roy. 
Arthur Cecil Livesey. Montague Harold Vickerman, 
Oscar Candish Waygood. 
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As Students. 


Victor Arnold-Jones. 

John Bates. 

Leslie J. Brennan. 
Reginald Morse Charley. 
Archibald Godfray Colston. 
Charles B. Colston. 

Leslie J. Fathers. 

William George France. 
Charles Frederick Goodale. 
Sidney Gudgeon. 

Heron Hudson. 

Henry John Lee. 

A. W. Roy Macpherson. 
Cecil Edmund Maguire. 
Hilary Strina Marquand. 
Dundee Sarangapany Naidu. 
Stanley Osborn. 


Stanley Frederick Parsons. 


Albert Pigg. 

Arthur Charles Roberts. 
Arthur Victor Scratchley. 
Cecil Graham Shaw. 


. Alexander Shearman. 


Douglas Nuttall Sladen. 
Leonard Warren Smith. 
George Henry Stade. 
Antonio Martins Teixeira. 
Ernest Edward Tipper. 
Walters Clements Tisch. 
James Smith Walker. 
Ernest Alfred Warden. 
Stanley Hugh Winkley. 
George Herbert Wood. 
Raymond David Wooster. 
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The following paper, “Тһе Heat Paths in Electrical Machinery,” by 
Harold D. Symons, Associate Member, and Miles Walker, Member, 
was read and discussed (see page 674), and the meeting adjourned 


at 9.37 p.m. 
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THE HEAT PATHS IN ELECTRICAL 
MACHINERY. 


By HAROLD D. SvMONS, Associate Member, and 
MILES WALKER, Member. 


(Paper first received 9th November, reccived in final form 29th November, 1911. 
Read before THE INSTITUTION on 25th Fanuary, 1912, and before the МАХ- 
CHESTER LOCAL SECTION 12th December, 1912.) 


SUM MARY. 


The paper deals with methods of predetermining the temperature rise in 
electric machinery. Data are given of the heat conductivity of insulat- 
ing materials. The methods of carrying away heat by the circulation of 
air are discussed, and there is given an account of experiments made to 
determine the amount of heat absorbed by air un er various conditions as 
to temperature and velocity in passing over coils and through ventilating 
ducts. The heat conductivity of punchings in actual machines is also 
considered. 


If we wish to get the largest possible output from an electric 
generator or motor of given cost we must make a very close study of 
the possible methods of carrying away the heat which is produced in 
the iron and copper. The heat produced in апу part (be it from ІЗК 
loss or iron loss) has a definite path from the point of origin to the 
place where it is thrown out from the machine. Thus some of the PR 
losses in the armature conductors may have only to pass through a 
certain thickness of insulation to the air surrounding the coils, while 
the heat generated in the copper in the slots passes through the insula- 
tion to the iron where it meets with the heat produced in the iron, and 
both together are conducted to the ventilating ducts and carried by the 
air to the exterior. 

We can imagine lines of heat-flow drawn through the machine 
which follow every where the paths of the heat from the point of origin to 
the point of discharge. At some points there may be constrictions ir: 
the path which it is desirable to avoid, at others the heat stream flows 
easily without undue temperature gradient. Everywhere at right 
angles to the lines of heat flow we can imagine isothermal surfaces 
constructed which enclose the points of highest temperature. 

If we are to even out these surfaces and lower the maximum 
temperatures, we must consider closely all the methods by which 
the heat is conveyed, whether it be by conduction, convection, or 
radiation. 


Fic. 1.—-Apparatus for measuring Heat Conductivity. 
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The metals being good conductors, any heat produced in a mass of 
copper or iron distributes itself easily over the whole mass, but the 
insulating materials being poor heat conductors often cause excessive 
temperatures within the coils they enclose. It is desirable that the 
designer should have specific data as to the heat conductivity of every 
part of the machine in order that he may know what difference of 
temperature to expect between any two points in the heat path. 

A good deal of useful work has been done on the measurement of 
temperatures inside shunt coils,* on the heat conductivity of iron 
punchings + at right angles to the plane of lamination and along the 
laminations ; on the passage of heat from revolving cylinders { to the 
surrounding air and on the passage of heat from various kinds of 
surfaces to air; but the authors have not been able to find any direct 
data on the heat conductivity of electric insulating materials mounted 
in the same way as one usually finds them in electrical machines. 
They therefore thought that it would be worth while to make measure- 
ments both of the specific conductivity of the commonly employed 
insulating materials and of the effect on the conductivity of introduc- 
ing the air-spaces and gaps such as are often unavoidable in electrical 
machines. 

Two classes of tests were made. First a test by means of laboratory 
apparatus on the specific heat conductivity of materials mounted in 
different ways. Secondly, tests made on electric generators under actual 
running conditions. 


THE HEAT CONDUCTIVITY OF ELECTRIC INSULATION. 


For measuring the heat conductivity of materials in flat sheets 
probably the best method § is that employed by Mr. Bacon. This 
method was used by the authors for pure mica and for presspahn. 
But where the heat conductivity of wrappings of tape and wire are to 
be measured it is more convenient to adopt a type of apparatus like 
that depicted in Figs. 1 and 2. 

The materials 1-1 are wrapped on a long copper cylinder 2-2 and the 
heat passed from the inside through the insulation to an oil bath 3-3 оп 
the outside. The temperature of the outside of the cylinder of insulation 
is measured by thermo-couples placed in shallow channels in the copper | 
surface of the cylinder, the wires from the thermo-couples being brought 
out to the top of the apparatus, shown at 4-5-6. The temperature of 
the outside of the insulation is measured by thermo-couples placed 

“Е.Н. Rayner, “ Report of Temperature Experiments," journal of the Insti- 
tution of Electrical Engineers, vol. 34. p. 613, 1005. G. A. Lister, “ Heating Coefficient of 
Magnet Coils," ibid., vol. 38, p. 399, 1997. 

f O. Ludwig., Mitteilung und Forschungsarbeiten, Heft 35 and 36, p. 53. T. M. 
Barlow, * Heat Conductivity of Iron Stampings,” yournal of the Institution of Elec- 
trical Engineers, vol. 40, р Gor, 1908. R. D. Gitford, “Influence of Various Cooling 
Media upon thc Rise in Temperature of Soft Iron Punchings," S'ournal of the Institu- 
lion of Electrical Engineers, vol. 44, p. 753, 1910. 

+ E. Hinlein, Zeitschrift des Vereines Deutscher Ingenieure, vol. 55, р. 730, 10911. 

{ Е. Bacon, “The Testing of Heat Insulating Materials,” Engineering, vol. go, 
р. 396, 1010. 
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between the outside surface and a sheet of copper which was tightly 
wrapped around the whole. The insulation is thus placed between two 
surfaces of known temperature under conditions which can be made to 
imitate as closely as we like the conditions obtaining in the slots of 
electric machines. 

The heat is supplied to the inside of the copper tube by means of a 
resistance coil 7, embedded in asbestos insulation. This resistance coil 
is concentric with the copper tube, and the space between them is filled 
with tin solder which serves to conduct the heat to the copper. The 
inside surface of the tube was tinned before pouring in the melted 
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Fic. 2. —Section of Apparatus for Measuring Heat Conductivity. 


solder to ensure a perfect and uniform junction of the metals. А thick 
copper tube heated in this way maintains itself at a fairly uniform 
temperature over the greater part of its surface even though the cooling 
conditions of various parts differ considerably. 

The ends of the copper tube are flanked with leather washers and 
two thick cheeks of treated wood (8 and 9), to minimise the escape oí 
heat. Itis calculated that the loss of heat at the ends is equal to or; 
calorie per second per degrce of difference between the inside and 
outside temperatures. In most of the experiments this amounted to 
about 34 per cent. of the total heat flux, so that even if there is a 
considerable error in the estimation of this end loss the final error due 
to this cause is not more than 4 per cent. 
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Іп some of the experiments the copper tube and insulation were 
immersed in a bath of oil which was well stirred during the whole of the 
test so as to keep the outside of the insulation at as uniform a temperature 
as possible. The oil was contained in a large tank which offered a 
cooling surface of 750 sq. in., so that it would radiate all the heat 
supplied without an excessive rise in temperature. A number of 
resistance coils 10-Ir were inserted in the oil, and by means of these 
the temperature of the oil could be maintained at any required value. 
These resistances are also of use in shortening the time taken to arrive 
at a steady state in the temperature distribution. If, for instance, it is 
intended in any particular experiment to supply a total of 100 watts, 
then as we know from previous tests that the tank will finally settle 
down at 25? C. above the air temperature, the tank is brought up quickly 
to 25°C. by a large current through the resistances, and as soon as the 
temperature is reached the current is cut down to the value which keeps 
the temperature steady. 

The method then of carrying out a test on any insulating material 
is as follows: The material is wrapped around the copper cylinder, 
the thermo-couples for measuring the temperature of the outside are 
then fixed and wrapped over with the exterior copper sheet, the 
insulation is trimmed off the ends of the cylinder so as to fit well against 
the leather washers, the two wooden checks are fitted to the end of the 
cyclinder and held firmly by long bolts. The whole is then immersed 
in the oil tank and the wires to the various couples connected to a 
multi-way switch and to the cold thermo-couple immersed in a bath of 
oil whose temperature is kept steady and measured by means of a 
thermometer. The difference of temperature between the hot and 
cold junctions was measured by one of R. W. Paul's millivoltmeters. 
This instrument, with a suitable resistance in circuit, will give the 
temperature in ?C. direct if we employ couples composed of 
metals such as iron and eureka which have an almost straight-line law 
over the range covered by the experiments. A known current at a 
known voltage is then passed through the resistance coil inside the 
copper tube, and the temperature of the oil in the bath is raised to 
the point at which it will remain steady under the conditions of 
the experiment. Readings of the temperature are taken at frequent 
intervals, and when they are found to be steady we know that the 
heat is being conducted through the insulation at the same rate as it 
is being supplied. The total heat flow through a certain area and 
thickness of insulation being known, and the difference of temperature 
at the two sides being known, the thermal conductivity can be calcu- 
lated. 

In other experiments the copper tube and insulation were placed in 
a wooden frame by means of which two draughts of air could be blown 
on to the material under test from opposite sides, as indicated in Fig. 3. 
A photograph of the apparatus is shown in Fig. 4. The intensity of the 
draught of air was measured by means of anemometer and checked 
by measurements of the temperature of the air going in and the air 
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coming out. This apparatus, besides giving measurements of the heat 
conductivity of insulation, gives us specific data for the cooling of 
surfaces when subjected to a draught of this kind under conditions 
somewhat resembling the conditions obtaining in some electrical 
machines. 

Table I. gives a typical set of readings for one test, and shows 
the degree of variation occurring in the different couples from time 
to time. 

Table II. gives the heat conductivity of various insulating materials as 
measured in the manner described. The first and second columns 
give the material and the state in which the material was tested. The 
third column gives the thickness of the piece under test; the fourth 
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Fic. 3.— Plan of Apparatus for Cooling Coils or Rolls of Insulation 
by means of a Current of Air. 


and fifth the temperatures of the inside and outside of the insulating 
tube; the sixth the mean temperature; the seventh the watts per 
square centimetre of surface; the eighth the heat conductivity in 
gram calories of a centimetre cube of the material per °C. difference of 
temperature between opposite faces of the cube. The ninth column 
gives the conductivity expressed in watts per square centimetre, and 
the tenth column gives the watts per square inch passing through a 
I in. cube of the material for 1? C. difference of temperature between 
opposite faces of the r in. cube. 

It was found that all the cellulose materials such as cotton, paper, 
etc., had a considerable temperature coefficient. The heat conduc- 
tivity at a temperature of 100? being about 12 per cent. higher than at 
зо? С. The heat conductivity of mica was not found to change between 
20? and 100° С. 
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Of all the fibrous materials commonly used in insulation the one 
having the highest thermal conductivity is empire cloth pressed into 
a solid mass free from air-spaces. This is probably because the fibres 
of the empire cloth are completely filled with oxidised varnish, whereas 
many of the papers, even when closely compressed, contain air-spaces. 

The difference in the conductivity obtained by winding the insula- 
tion on the copper cylinder very tightly and by winding it on loosely 
was very marked. 

It was found that micanite built up in the form of tubes containing 


about 11 per cent. of shellac has a very poor conductivity as compared 
with pure mica. 


EFFECT OF AIR-SPACE IN CAUSING RESISTANCE TO PASSAGE OF HEAT. 


Very often a ficld coil insulated on the inside with layers of 
insulating material docs not fit tight upon the pole, so that a short 


- 


FiG. 5.— Thermal Resistance of Air-spaces of Different Thicknesses. 


air-space exists between the insulation and the iron of the pole. It 
is interesting to inquire how far this air-space hinders the passage 
of heat. 

A number of experiments were made, in which air-spaces of 
different thicknesses were таас between the copper tube in the 
testing apparatus and the insulating tube. These spaces were made 
by winding twine of different thicknesses in a wide spiral round the 
tube, and then winding the insulating material above the spiral. The 
thickness of the twine gave approximately the size of the air-space. 
It is to be expected that a very narrow air-space will have a greater 
thermal resistance per centimetre of thickness than a wider air-space, 
and as the space 15 widened out we come at last to a constant resistance 
for 1 sq. cm. area of surface) which is the reciprocal of the cooling 
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constant (k = о'оо11) for surfaces exposed to still air. The values 
obtained by our experiments do not agree very well with one another, 
as will be seen from Fig. 5, in which they are plotted. Still we may 
arrive at a fairly correct curve by the following method :— 

The thermal conductivity of perfectly baffled air is о'0002 watt 
per cubic centimetre per degree, so that the resistance of 1 sq. cm. of air- 
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Fic. 6.— Positions of Thermo-couples for Test on the Heating of 
Armature Coils. 


space 1 mm. thick would be 500. Here the units are chosen so that the 
thermal resistance has the same value as the difference in temperature, 
at the opposite 514165 of the space, divided by the watts per square centi- 
metre passing across the space. If, therefore, we draw the dotted line 
shown in the figure through zero to the point 500 for anair-space 1 mm. 
that line must be a tangent to the correct curve. Taking the points 
indicated by our tests as a guide and remembering that the curve must 
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be asymptotic to the horizontal line at the value 9oo (с-ш) we get the 


curve shown. There is no doubt that for wide air-spaces the resistance 
will depend on whether the space is vertical or horizontal,* and if 
vertical it will depend on the number of horizontal baffles. In our 
case the air-spaces were vertical and the pieces of twine which would 
have acted as baffles were spaced about 4 in. apart. 

Let us now see how this curve can be employed in practice. 
Suppose that we have a field coil which is insulated on the inside next 
the pole with treated fuller board of a thickness of o'2 cm. From 
Table II. we find the thermal conductivity of this material (in watts 
per square centimetre, etc.)is оғоо14. The thermal resistance of 1 sq. cm. 
is therefore 0'2 — o'oor4 = 142, 50 that if there were no air-space and 
we were passing to the pole о15 watt per square centimetre the 
difference in temperature of pole and coil would be only 21:3? C. If now 
we introduce an air-space of 1 mm. whose resistance from Fig. 5 is 
about 200, the total resistance is raised to 342 and thc difference in 
temperature for the same heat-flow would be 51:5? C. 


EXPERIMENTS ON MACHINES. 


Healing of Armature  Coils.—A test was made on a 5,000-k.w. 
3-phase generator by means of thermo-couples placed in the armature 
coils during the course of construction. Кір. 6 shows the arrangement 
of the armature coils; the position of -the thermo-couples is indi- 
cated by the letters R, S, T, U, V. Junction R gave the tempera- 
ture of the copper inside the slot; S the temperature of the 
iron surrounding the slot; T the temperature of the outside of the 
coil on the part exposed to the air; U the temperature of the copper 
in part of a coil projecting 6 in. from the iron; V the temperature 
of the copper in part of a coil projecting 9 in. from the iron. The 
generator was run at full speed with the armature short-circuited, the 
field current being increased until the armature current was 328 
amperes. The run was continued until the temperatures of all parts 
were constant. The table below gives the degrees rise above the 
temperature of the air admitted to the machine (23? C.). 


оС. Rise. 
К = 39:0 
S= 184 
T = 24:6 
U 25380 
V 2344 


Fig. 7 gives the arrangement of the conductors and insulation in 
the slot. It is drawn full size. Each conductor, which consisted of 
two copper straps each 0'45 in. X o'2 in., was insulated with tape and 
mica, a piece of mica o'03 in. thick being added as a spacer. All four 


* Е. Bacon, Engineering, vol. 90, p. 396, 1010. He found that an air-space 13 in, 
wide had a resistance twice as great when horizontal as when vertical, 


*er Square Centimetre per ° C. of 
ence of Temperature per Centimetre of DIfference of 


rer Square Inch | 
Length of Path. perature 
per Inch Length 
4 с - у (feo Gee Se | of Path. 
ея рег In Watts. In Watts. 
8 10 
-000604 0'00249 000634 
000410 0'00170 0'00420 
000278 | 0'00115 9902092 | 
| | 
"000341 | 0'00142 9 00971 
“000405 O'OOI7O 0'00420 | 
"000339 0'00140 0°00350 
-000500 0°00209 0799559 
| | 
-000350 | 000145 00037 | 
| 
-000870 | 0'00360 0700915 | 
-000246 | сооз ооо2бо | 
| | 
"000293 | ete’ MEMO 
-000350 000146 900379: 5 
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conductors were impregnated with gum and wound over with empire 
cloth and mica to a thickness of 0°13 in. The whole was then wound 
with linen tape. The total thickness of insulation amounted to 
0'177 in. The various insulating materials were then present in the 
following proportions: Empire cloth, 0°07; mica, 0°03; varnish 
and air, 0°02; paper, оо17; tape, o'o4 The heat conductivity 
of the insulation is easily calculated from the above figures. The total 
loss in the copper conductors per foot run of coil was 27°2 watts. In 
calculating this, allowance has been made for the rise in temperature of 
the copper due to the eddy currents * produced in the conductors. The 
difference of temperature between the copper and iron is 20°6° C, and the 


Fic. 7.—Arrangement of Insulation in Heat Conductivity Test. 


mean pcrimeter 5°3 in., so that the total area of insulation per foot run 
is 63:5 sq. in. With 27:2 watts per foot run this gives just over 2°34 sq. in. 
per watt. The specific conductivity for heat of the insulation works 
out at o'00145 watts per centimetre cube per degree. This conductivity 
is considerably lower than the figure (0002) found from tests on empire 
cloth and mica wound on a copper cylinder with the fewest possible 
air-spaces, as can be easily understood. 

With coils of rectangular section wrapped with empire cloth and 
mica, or paper and mica, in the ordinary method, one may expect to 
have a heat conductivity not higher than о00145 watt per cubic 


* A. B. Field, Transaclions of the American Institute of Electrical Engineers, vol. 24, 
p. 701, 1905. 
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centimetre per degree. This figure is useful in enabling us to 
calculate the difference of temperature between the copper conductors 
in a slot and the surrounding iron, and checks very well with other 
results found in practice. For instancc, on the armature of a direct- 
current generator whose conductors were insulated with manilla paper 
and mica to a thickness of 0°16 cm. Тіс temperature rise after а full- 
load run under conditions which made the square inches per watt ого, 
were as follows: Internal copper, 41°; iron, 22% If we use the figure 
0'00145 watts per cubic centimetre per degree, we would obtain a 
temperature rise of copper above iron of 16°. 


CONDUCTION OF HEAT ALONG CONDUCTORS. 


It sometimes happens that the copper conductors on an armature or 
ficld magnet are grouped together so closely that very little air can 
circulate between them, and the total cooling surface of the group is 
too small to dissipate the heat generated in it. In this case one relies 
mainly for cooling upon the conduction of heat along the conductors 
to parts of the coils where the cooling conditions are better. A good 
illustration of this case is offered by the спа windings of a two-pole 
field magnet for a turbo-generator, such as is shown in Fig. 8. These 
end windings are completely covered in by a stecl end-bell, so that in 
any case the air would not circulate well between individual coils, and 
to avoid the accumulation of dirt it is sometimes found advisable to 
fill the intezspaces with suitable insulation. A great proportion of the 
heat generated in these end windings is conducted along the copper 
into the parts of the coils lying in the slots, and from tence it is con- 
ducted into the iron of the field magnet. 

The flow of heat from the centre of the coil to the cooler parts can 
only occur if there is a considerable temperature gradient in the end 
windings. It is necessary sometimes to calculate what this temperature 
gradient will be, and what the maximum temperature rise will be in the 
centre of the group. The problem is somewhat complicated by the 
fact that the resistance of copper changes with temperature, and 
one ought totake account of this change of resistance because it makes 
the watts lost increase according to a compound interest law. Моге- 
over, in most cases that arise in practice, part of the heat is radiated 
from the surface of the coils, and part is conducted along them. 

We will first take the case where a conductor is so surrounded by 
other conductors at the same temperature as itself that the whole of 
the heat generated in it is conducted to the cooler ends, and none 
passes to the sides. Afterwards we will take the case where а con- 
siderable fraction of the heat passes out to the sides and remainder 
along the conductor. 

Let M be the centre point of a symmetrically situated end connector 
so surrounded by other conductors that all the heat generated by 
electric current in it passes to the ends. М is. supposed to be the 
hottest point, and from jt heat flows to the right and to the left as 


Fic, 8.—End Windings of Two-pole Turbo Field Magnet showing 
how Coils are bunched together. 
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indicated by the arrows. It is sufficient to investigate the distri- 
bution of temperature on one side, say the right side. Let the distance 
in centimetres of any point P from М be denoted by x. Let the cross- 
section of the conductor be 1 sq. cm., so that the volume of any 
element of length dx is dx cubic centimetre. Now as the resistance 
of copper is almost proportional to its absolute temperature, the 
resistance of a centimetre cube may be taken to be— 


. —6 
ҚЗ. 


where Т is its temperature in °C. above the absolute zero. 
If I is the current density in amperes per square centimetre, the 
loss per cubic centimetre will be— 


16 X 10° x T 
273 | 


Е = I? x 


The amount of heat passing through the centimetre of cross-section 
at the point P will be the sum of all the heat produced between M and 
P—that is to say— 


Я —6 
px OE тш, 
273 
“о 


Now the heat conductivity of copper is such that when there is a 
difference of temperature of 19 С. between opposite sides of a centi- 
metre cube the flow of heat through the centimetre arrear is equivalent 
to the heat produced by 3 watts. Therefore three times the tempera- 
ture gradient gives us the heat-flow per square centimetre in watts. 


As x increases the temperature decreases, so that T. is negative. 


| | 
dT .,.гбхіо% 


о 


Thus we have— 


We may take as a solution— 


T = Tnax. COS px. 


In cases which we work out in practice the angle px never assumes 
values which make cos P x negative, so that Т is always positive. If 
T were negative it would be below the absolute zero. The above 
solution would only be wholly true if the resistance of copper were 
negative below the absolute zero. 

The distribution of tempcrature in a conductor such as we have 
supposed is therefore given by the top part of a cosine curve as shown 
in Fig. 9. 

VoL. 48. 45 
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Jr x 1'6 X 10” 
3 X 273 


$ = 443 X 10^ x I. 


The value of p is— 


Therefore— 
T. = Tma. COS (4°43 X 1075 X I x x), 
where— 


I is the current density in amperes per square centimetre, 
x is the distance from the hottest point in centimetres, 

T. is the absolute temperature at any point x, 

Tmax. the absolute temperature at the hottest point. 


An example will make this clearer. Suppose that we have a hot- 
bed of conductors so bulky that we can assume that the centre con- 


5529 _ 
о | | \Їт- 
Е = 1-- 


2 
Fic. 9.— Temperature Gradient іп a Conductor along which 
Generated Heat is flowing. 


ductor parts with no heat laterally. All heat generated in it passes by 
conduction to points 20 cm. away from the centre, which we will 
suppose are maintained at 40° С. Each conductor is o'r sq. in. section, 
and carries a current of 250 amperes. What is the temperature of the 
hottest point ? | 


I = 388 amperes per square centimetre. 
Т, = (40 + 273) = 313. 
313 = Tmax. COS (4°43 X 1075 x 388 x 20). 
313 = Tmax. COS 0°343 = 0941 Ta... 
Tmax, = 332. 


332 — 273 = 59? C. is the temperature of the hottest point. 
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Now consider the case where part of the heat generated is radiated 
from the surface of the group of conductors, and part is conducted to 
the ends. In all cases which occur in practice there is a certain 
specified temperature on the outside of groups of coils which must not 
be exceeded. Assuming in the first instance that the temperature is 
reached, we can roughly estimate the number of watts per square 
centimetre which will be dissipated from the surface, having regard to 
the thickness of insulation and the amount of air circulation. Let W 
represent the total watts lost in the group of conductors, and w the 
watts dissipated from the surface. Then W — w will be the heat watts 
conducted along the copper. The temperature rise of the hottest point 
will be lower than if no heat were lost laterally. Let us say that the 
temperature rise is the same as it would be if the current density were 
reduced from I to I, and no heat were lost laterally. 

Then— 

12 W-—w 
r=- Ww 


From the value of I, thus obtained we can as a first approximation 
find the temperature of the hottest point by the foregoing formula, and 
get a fair idea of the mean temperature of the whole cooling surface. 
We can then make a more accurate estimate of w, and if necessary 
recalculate I,, and from it Tmax. 

The experiments which we devised to check the above method of 
calculation were spoilt by an accident. They are being repeated. 


COOLING BY AIR. 


There are three main cases occurring in electrical machinery іп 
which it is necessary to calculate the rate of convection of heat from a 
solid surface to the surrounding air. 


г. We have the case of an armature or field magnet of approxi- 
mately cylindrical shape revolving within the stationary part 
of the machine. (Cooling coefficient denoted by h,.) 

2. We have the case of a field coil against which a draught of air is 
blowing. (Cooling coefficient denoted by ha.) 

3. We have the case of the iron surface of a ventilating duct, 
through which the air is passing at a certain velocity. (Cool- 
ing coefficient denoted by ,.) 


The laws of cooling of the solid surface are different in the three 
cases. The first case (the cooling of the revolving cylinder) is very 
complicated. A formula for the close pre-determination of temperatures 
would have to take into account, not only the square inches per watt 
and the peripheral speed, but also the length of the air-gap, the tem- 
perature and shape of the surrounding objects, as well as of the air, the 
nature of the cooling surface, and the rate at which the air in the gap is 
changed by artificial ventilation. What are we to take as the velocity 
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of the air, relatively to the cylinder, when some air moves with the 
cylinder, some clings to the stationary part, and all intermediate 
velocities are to be found somewhere in the air-gap ? 

For ordinary direct-current armatures surrounded by ordinary field 
magnets, with normal air-gaps, and with no more interchange of air 
than is naturally produced by the rotation of the armature, the formula 
given by Kapp— 


gives good practical results. Here O is the area of the cylindrical 
surface in square centimetres, W the watts to be dissipated, v the peri- 
pheral velocity in metres per second, and /? the °C. rise above the 
surrounding air. 

Other writers give different values of the numerator 550, and change 
the value of the coefficient of v. Others change the index of the power 
of v. Here is a list — 


Arnold— 
pe = UNS rou RR А 
О (1-от? 
W ) 
Wilson— 
pz. _ 640 


О ; 
wüto 18 v) 


Hawkins and Wallis— 
= 412 
r= 5 | aui 
W (1 + 0086 v'3) 
Ludwig Ott— 
е = 333 


S (1 + 0'107 7) 
Hinlein— 
p = 1,730 еза v is between І and 
S. (1 +078 „/ 2) 10 metres рег second ; 


and— 


pa _ 700 гаре гіз between ro апа 
20 metres per second. 


Е (1 + о'041 7) 


The reason for the difference of opinion that exists as to the index 
of the power of v becomes apparent when we examine the results 
obtained by E. Hinlein* as plotted in Fig. то. For velocities between 


* Zeitschrift des Vereines Deutscher Ingenieure, vol. 55, p. 730, 1911. 
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I and 1o metres per second А, is almost proportional to (1 +078 ,/ v), 
but as the velocity increases the curve straightens out so that, above 
то metres per second, k, may be taken as proportional to (1 + 0°041 2). 
The small coefficient, 0-041 obtained by Hinlein seems to be due to the 
particular way his experiments were conducted. 

For an ordinary armature surrounded by its field magnet the 
coefficient o'1 scems to be about right. For the numerator the 
figure 550 seems to be rather high for iron-clad armatures. The figure 
333 given by Dr. Ott seems to give good results for turbo-gencrators 
with forced ventilation. 

When a cylinder revolves in air, the rate at which the air im- 
mediately in contact with it changes depends not only on the peripheral 
speed but on all sorts of accidental circumstances such as the shape 
of the stationary parts and the rate at which air is forced into the 
air-gap by the fanning action of other parts of the machine. A high 
relative velocity between rotor and stator is of service in causing the 
heat to pass easily from the heated surface to the air, but some further 
fanning action is necessary to remove the jacket of hot air away from 
the surface of the cylinder. 

In a certain experiment described below the number of watts 
of heat-flow communicated to the air by a cylindrical surface of 
a stator of 2,960 sq. in. was 11,700, so that we had— 


11,700 — 395 watts per square inch, 


2,960 


= 0'61 watt per square centimetre. 


or— 


The peripheral velocity of the surface of the rotor in this case was 
92 metres per second. It was no doubt on account of the high peri- 
pheral velocity of the rotor that the cooling on the surface of the stator 
was so good. The law of cooling of the external surface of the rotor 
and of the internal surface of the stator will be somewhat similar. It 
is therefore of interest to apply the formula given by Dr. Ott to the 
cooling of the surface of the stator. The mean temperature rise of 
the iron on the cylindrical face appears to have been about 4o° C. 
This is obtained from Fig. 22, The mean temperature of the air in 
the air-gap was 20'5, leaving a difference of 195. Filling in these 
values in Ott's formula given above, we have— 


— 


I9'5 = watts per square centimetre x i ET > T 


watts per square centimetre = 0:635. 


This agrees very closely with the actual figure 0°61 obtained. 

No doubt the variation of the coefficients has arisen partly through 
an attempt being made to make the same formula cover the cooling of 
coils which fall under case 2, as well as the cooling of revolving 
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cylinders. The cases being essentially different cannot be brought 
under the same law. 

In the case of field coils, an increase in the velocity of the current of 
air not only increases the intimacy of contact between the air and the 
surface of the coil, but at the same time increases the quantity of air 
passing the coil in a given time. We therefore have the index of 
the power of т greater than for the case of a revolving cylinder, the 
air surrounding which is not necessarily changed at a rate proportional 
to v. 

In cases 1 and 2 there is a cooling of the sürface by radiation, apart 
altogether from the passage of air, the formulz should therefore give a 
value to when v equals o. 


sh. 
att | же СА 


"ате 


volving cylinder. 


25 ж 


FiG. 10.—Hinlein’s Curves for the Cooling of a Revolving Cylinder. 


In case 5, where two sides of a ventilating duct face one another, 
there is no dissipation of heat unless the air moves through the duct, 
and it will be seen from the experiments described below that the rate 
of cooling is approximately proportional to v. 

For the purpose of determining the relation between the cooling 
coefficient kg, in case 2, and the velocity of the draught blowing on 
the sides of the coil, a number of experiments were made with the 
apparatus shown in Figs. 3 and 4. A certain number of watts werc 
supplied by the heater inside the coil, and the temperature of the 
surface of the coil was ascertained by means of thermo-couples 
mounted in shallow niches in the surface, and protected from the 
draught by a very thin piece of insulation of a size not large enough to 
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interfere with the uniform cooling of the coil. Tests were made with 


по breeze blowing and with breezes of various velocities. The 


- Те 
$ 


‚ CIM. Den 


results are plotted іп Fig. 11. In these tests the surface of the coil was 
made up of double cotton-covered wire 0°08 in. diameter. Іп some 
other tests a brass cylinder was used. In these the results were much 
more uniform as shown by the points on Fig. 12. It seems from 
these tests that the law connecting Л; and т is of the form 
ha 2a (1 + bw), where а and b are constants depending and the kind 


E T 
A- и 


i 


Е, 


$ $ 
Ж /7 набе per 5g. cm. per °С 


= 
IN 
yo 
MFG 
қ costar -coverea j Briss 
дай жр Wire 2 cylinder. 
kocky of air m met: second. | Velocity of air metres per sec. 
о / 2 E 4 5 e / 2 J 4 5 
Fic. 11.—Relation between ha, the Fic. 12.—Relation between Ma, the 
Watts per Square Centimetre per Watts per Square Centimetre per 
:9 C., and Velocity of Air when Air eC., and Velocity of Air when Air 
blows upon a Cylindrical Coil as blows upon a Cylinder of Tarnished 
illustrated in Fig. 3. Brass as indicated in Fig. 3. 


of surface and the way the blast strikes the surface. For the brass 
cylinder with a draught on each side as indicated in Fig. 3, the law is— 


ha = ООО (1 + 078 v?). 
In the case of cotton-covered wire the law is approximately— 
ha = 00011 (1 + 0°54 7°). 


In our experiments the draught did not exceed 700 ft. per minute, 
or 25 metres per second. It is possible that at higher velocities the 
law may change but the velocities investigated cover those generally 
obtaining in electrical machines. 

The third case, the cooling of the sides of a ventilating duct, was 
investigated in some experiments on a turbo-generator described 
below. We will give the results here in Fig. 13, because it is of 
interest to put Figs. 10, 11, 12, and 13 next to one another and observe 
the difference in the nature of the laws connecting h and v. 

In case 3 we know that Л, must be zero when no air passes along 
the duct, and so far as our experiments go, h, seems to be almost pro- 
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portional to v. The dotted line with the two circles on it was obtained 
by keeping all the conditions constant except that the velocity of the 
air was changed from 3'95 metres per second to 7:9 metres per second. 
The other points shown by crosses are from other experiments and 
calculated for other parts of the machine. Probably the black line 
may be taken to give the law of h, for the ventilating ducts for a 
turbo-generator. 


THE COOLING OF WIRE-WOUND COILS. 


Іп predetermining the temperature risc of a wire-wound coil, we must 
first find the temperature rise of the external and internal surfaces of 
the coil. These will be the temperatures at which the coil can dissipate 
to the surrounding medium all the heat generated within it. In the 


o / ғ 5 4 5 6 7 в 


Fic. 13.—Relation between /:,, the Watts per Square Centi- 
metre per ° С. (difference in Temperature between Iron 
and Air), and the Velocity of Air in the Ventilating Duct. 


next place we must find the rise of temperature of the hottest part 
above the external surface by taking into account the heat conductivity 
of the layers of insulated wire and the watts per cubic centimetre 
generated within the coil. 

Some designers make their shunt coils to be entirely air cooled. 
They provide such large air ducts between the coils and the poles that 
all heat passes to the air. Other designers make the coils a tight fit on 
the poles, and rely upon conduction of a large portion of the heat 
generated through the insulation to the body of the pole, whence it 
passes to the frame, or is dissipated from the pole-face. These two 
cases require rather different treatment. 

Where the coil is entirely air cooled, some rough estimate should be 
made of the mean velocities of air passing over the external surface and 
along the ventilating ducts, and from these the specific cooling con- 
stants can be arrived at from Fig.11. Any estimate of this kind will, of 


! | | 
Mean velocity of ar tn vert duct in metres | ewe 
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e 
course, be very rough indeed, and it is generally by experiments on 
similar coils, similarly mounted, that one must rely in determining the 
surface-cooling constants. Still, Fig. 11 is of service in indicating the 
direction in which we may hope to obtain an improvement in the 
cooling conditions, perhaps without much increase in the cost of 
construction. 

Where the coil is a fairly tight fit on the pole, we should take 
account of the thickness and nature of the insulation and calculate the 
number of watts which will be conducted to the pole for a given 
temperature difference in the manner indicated in the example given 
in conjunction with Fig. 5 Тһе rate at which the heat will be con- 
ducted along the pole is sometimes of importance. For this purpose 
it is useful to remember that a temperature gradient of 1? C. per centi- 
metre in wrought iron causes heat to flow at the rate of o7 watt per 
square centimetre. Account must also be taken of the means that 
are available for dissipating the heat from the pole itself. For 
instance, some rotating field generators are provided with vents іп 
the poles, and the laws for their cooling will be somewhat similar to 
the laws laid down for armatures. 

By taking account of these matters and knowing the total watts lost 
in any particular coil it is not difficult to apportion the loss between the 
outside, the inside, and the ends of the coil, and come to a fairly 
accurate estimate of the temperature which the outside surfaces must 
attain in order to get rid of the heat. 

The next question that arises is: How much higher is the 
temperature inside the coil? 

A great deal of most valuable data on the heating of shunt coils is 
given by Mr. E. H. Rayner in his “ Report on Temperature Experi- 
ments at the National Physical Laboratory.” * А study of the curves 
and figures given will show that the distribution of temperature inside a 
wire-wound coil follows definite laws. If we are given full particulars 
of the size of wire, the thickness of the insulation, the space factor, the 
number of turns. and layers, the exciting current, and so on, we should 
be able to predetermine with a sufficient degree of accuracy the 
temperature of the hottest part of the coil. 

The problem is somewhat analogous to the case already considered 
where the heat is conducted along copper conductors, but in this case 
the heat is conducted across one layer of conductors to another. The 
law of distribution of temperature takes the same general form— 


Т, Ta. COS f, x, 


where Tmax. is the temperature of the hottest point measured from the 
absolute zero, and T, is the temperature of any point distant x centi- 
metres from the hottest point along a line drawn in the direction of 
the flow of heat at right angles to the cooling surface. The value of f, x 
in practice is such that cos 5, х never assumes negative values. 


* Fournal of the Institution of Electrical Engineers, vol. 34, p. 013, 1905 ; and С. A. 
Lister, ibid., vol. 38, p. 399, 1907. 
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If we examine the various curves given by Mr. Rayner we shall ѕее > 
that they are all part of cosine curves except in those cases where there 
is a discontinuity in the coil. 

Take, for instance, Test No. 2B. Add 273° C. tothe ordinates of the 
transverse section curve on page 639 (vol. 34), and we obtain a curve 
like that given in Fig. 14. The law of this curve is— 


Т, = 389 cos (070015 х). 


If the coefficient (f,) of x is known, and the distance from the hottest 
part is known, then we can calculate the amount that the temperature 
of the hottest part exceeds that of the surface. For instance, with the 
above law, if оп the surface of the winding the temperature is 90° C. 
(363° absolute) and the hottest point is 4 cm. from the surface, then— 


363 = T max. COS 00015 X 4 
Tmax. == 389. 


The value of f$, depends mainly on four factors :— 


I. The current density in the copper. 

2. The nature of the insulation and the thickness per centimetre 
depth of coil. 

3. The space factor of the winding. 

4. The ratio of the length of the bobbin to the depth of the 
winding. 


In what follows we shall employ the following symbols :— 


1 = length of bobbin in centimetres. 
d zzdepth of winding in centimetres. 
C, = current density іп amperes per square centimetre. 


` l 

С. == NUR Ca. 

с = copper space factor. 

i, = thickness of insulation per centimetre of depth of winding. 

Е, =heat conductivity of insulation in watts per square 
centimetre per °C. per centimetre of path. 


* It is not possible to predetermine the value of f, in all the cases given by Mr. 
Rayner because full particulars are not given of the thickness of the cotton coverings. 
but in several cases where we may assume the cotton covering is normal and the wires 
properly packed, the results agree closely, with the values of p found by the authors 
experiments ; for instance in the case of сой No. 2 we have— 


E . . --6 у 
гета TN 063 x rÓ X 10^ x 0136 _ о. 


0'00095 X 273 
The figures 127 amperes per square centimetre is obtained from the value 151 given in 


Mr. Rayner's table by the formula for C* given later in this paper. Length of coil 
= 7 in., breadth = 3 in.; 7 + 3 = 10. 


Jt = 0°84; 151:X 084 = 127. 
IO 
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1'6 X 10% Xo X in 
ы yo ka X273 


In order to ascertain the values of ką for round and for square wire, 
treated and untreated, the authors made direct experiments on the heat 
conductivity of cotton-covered wire windings by means of the apparatus 
shown in Fig. 4. 

Experiments were made with two sizes of wire 0'032 in. diamcter 
and o'r14 in. diameter. No current was passed through the wire. The 
heat was generated inside the copper tube (see Fig. 2), upon which the 
coil was wound and the temperature difference between two points (a 
known number of layers apart) ascertained by thermo-couples. 

The figures given for the value of 8, in Table III. allow a certain 
margin for variations in the construction of the coil which, so far as our 


Then— 


ade, 


Fic. 14.—Curve No. 2 B from Mr. Rayner's Results showing 
the Law with Temperatures expressed іп ? C. above the 
Absolute Zero. Т, = 389 cos (0°0915 +). 


tests went, were sufficient for tightly wound coils. For instance, the 
lowest value obtained for 0'032 in. round wire double cotton-covered 
electro-enamelled was o*00065, and the highest value for 07114 in. wire 
was 0:0009. It is possible that the margin should be made wider. 
For loosely wcund coils it will be very wide. We assume that &, 
is independent of the thickness of the insulation on the wire. The 
thickness of the insulation of the wire is taken into account in the 
formula in the quantity 7,, which is obtained by multiplying the number 
of layers per centimetre with the double thickness of cotton covering 
on each wire. 
Table III. gives the values of А}. 


HEAT PATHS THROUGH THE VENTILATING DUCTS. 


After we have provided sufficiently well for the conduction of the 
heat through the insulation either to the air or to the iron surrounding 
it, the next question is how to provide sufficient cooling surface so that 
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Ес. 15.—Railway Motor with Definite Scheme of Ventilation. 
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Fic. 16.—Scheme of Ventilation of Turbo-generator by means 
of Axial Holes; Air passing from one end of Machine to 
other. (Messrs. Siemens Bros.) | 
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the heat may be communicated to the air and carried away by it. 
There are really two matters involved ; one is the provision of 


(Messrs. Siemens Bros.) 
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sufficient air to carry away the heat produced, and the other is the 
provision of cooling surface exposed in such a way as to heat up the 
air which passes through the machine. 
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We know. that 1 cub. ft. of air per second (60 cub. ft. of air 
per minute), if raised in temperature 27° C., will carry away 1 k.w. Asa 
good deal of air sometimes passes through a machine without being 
raised much in temperature, it is usual to allow roo cub. ft. of air per 
minute for each kilowatt loss. 

As or how this cooling surface is to be provided is a question 
upon which there has been a good deal of difference of opinion 
amongst designers. In the open type of machine where the paths 
for the air are not very definitely prescribed, and where the quantity 
of air passing is usually unknown, only the very roughest empirical 
rules can be used for determining the temperature rise. Where, how- 
ever, definite paths for the air are provided in the machine as in the 
motor illustrated in Fig. 15, and where the quantity of air passing is 
known, the cooling effectiveness of the surfaces can be approximately 
calculated. 

In the cooling of large machines, such as turbo-generators, there 
are two general methods of providing paths for the air. According 
to one method, which is illustrated in Figs. 16 and 17, the air is passed 
through axial holes both in the rotor and in the stator, and it is 
the internal surface of these axial holes which mainly constitutes the 
surface exposed. Sometimes the air is passed from both sides of the 
machine towards the middle, as in Fig. 16, and in other cases the air is 
passed from one end of the machine to the other as in Figs. 15 and 17. 

According to the second method illustrated in Fig. 18, the air is 
passed through a spider or through axial holes in the rotor, and 
thrown out through radial ducts in the rotor to radial ducts in the stator. 

The first method has been commended on account of the fact that 
the iron punchings, whose conduction is better along the laminations 
than across the laminations, can convey the heat more easily to the air 
than where the ducts are of the radial type parallel to the plane of 
lamination. How far this consideration is of importance will be con- 
sidered after we have described the experiments carried out on a 
machine of the type depicted in Fig. 18. Another advantage of axial 
ducts is that they provide a more bountiful supply of air to the centre 
of the machine than is possible in a long machine of the type illustrated 
in Fig. 18. 

The object of the experiments was to determine exactly how the 
air received its heat as it passed through a turbo-generator and to 
determine the value of h, (the watts per square centimetre per °C. 
difference of temperature between surface and air). At the same time 
it was sought to determine how far the cooling of the iron was hindered 
by the poorer conductivity of the punchings across the laminz than 
along the laminz. 

As the value of л, is dependent upon the v, and as it is the velocity 
of the air inintimate contact with the surface that is of chief importance, 
we may gather that for a given quantity of air passed through the machine 
narrow ducts will be more effective than wide holes. The ducts, 
however, must not be too narrow or they will be liable to be stopped 
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Fic. 18.—Scheme of Ventilation of Turbo-generator in which Cooling Surface is provided mainly by Radial Ducts. 
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up by the accumulation of dirt. Holes if too wide allow the air to 
pass without coming in close contact with the iron. It has been found 
that ventilating ducts from o'3 in. to o'4 in. wide having smooth iron 
walls will keep clean for a great number of years if the velocity of air 
passing through them is sufficiently great. A velocity of from 5 to 
10 metres per second is sufficient to prevent the accumulation of dust 
in the absence of oil spray. If any oil is allowed to enter with the air 
the accumulation of dirt will be facilitated. It has been found that 
round axial ventilating holes of 2 in. or 3 in. in diameter whose walls 
are formed from the rough punchings accumulate the dirt very rapidly ; 
this is particularly so with the holes in rotors where the centrifugal 
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Fic. 19.—Showing Depths H, I, |, K, and L, to which Thermo-couples were 
inserted into Vent Ducts. 


force can press particles of dust together on the internal surface of the 
hole furthest from the centre. 

In cases where one cannot get rid of all the heat from the cylindrical 
surface of the armature, and where it is therefore necessary to provide 
further cooling surface, the radial ventilating duct of the type illustrated 
in Fig. 18 is very effective for the reasons stated above. It enables an 
exceedingly large surface to be provided without unduly increasing 
the cost of the machine. It will be seen from the experiments made 
on the 1,875-k.v.a. generator, as described below, that out of a total iron 
loss of 43:5. k.w. 117 k.w. was conveyed to the air by the cylindrical 
face of the armature, leaving 31:8 К.м. to be carried away from venti- 
lating ducts and from other exposed surfaces. It is calculated that 
23 k.w. of this was communicated to the air by the surface of the ducts 
and for this no less than 450,000 sq. cm. of cooling surface were 
required when the difference of temperature between iron and air 
was 9°. The difficulty of getting a sufficient quantity of air through a 
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very long machine with a small air-gap can be met by adopting the 
scheme of ventilation illustrated in Fig. 18a. Here certain channels 
are provided in the frame from which the air is forced inwards down 
the ducts to the air-gap and the rotor. Staggered with these channels 
are others which receive the air thrown outwards from the intervening 


sectors. 
TESTS ON А 1,875-K.v.4. GENERATOR. 


Tests were carried out on a totally enclosed turbo-generator of 
1,875-k.v.a. capacity, ventilated in the manner shown in Fig. 18 by 
means of fans at each end. 

In certain parts of the machine ordinarily inaccessible to ther- 
mometers, thermo-couples were placed while the machine was in 
course of construction. Thus in the centre of the packet of punchings 
lying between the ventilating ducts Nos. 5 and 6 (see Fig. 19) thermo- 
couples were placed at the points M, N, O, and P. Then in the 
ventilating ducts at the lower part of the machine couples were 
exposed to the full blast of air so that readings could be taken of the 
temperature of the air in the ducts at that part to compare with the 
temperature of the air in the same ducts at the top of the machine. 

The generator was run at no load and the iron loss, friction and 
windage measured in the ordinary way by measuring the power 
supplied to the driving motor. The rotor was mounted in its own 
bearings and coupled to a driving pulley mounted on independent 
bearings. The pulley was driven by a direct-current motor at 3,000 
revs. per minute. The power taken to drive the pulley alone with the 
full tension on the belt was found to be 13 k.w. The sum of the friction 
of the generator bearings and the windage was found by deducting 
13 k.w. from the whole combination. With full aperture allowed to 
the fan, the sum of the friction and windage amounted to 46 k.w. 
In order to ascertain the amount of power lost in the bearings 
measurements were madc of the quantity of oil supplied to cach 
bearing per minute and thc rise in temperature of the oil. A rough 
estimate was also made of the quantity of heat lost by the bearings by 
radiation and convection. It was found that the heat carried away by 
the oil in one bearing was equivalent to 7:9 k.w., and from the other 
67 k.w. The radiation and convection losses of the two bearings 
together was less than 1 k.w., so the total bearing losses were about 
156 Ем. This left 46 — 15:6 = 30'4 k.w. for the windage with full 
aperture, giving 8,800 cub. ft. of air per minute at 50°C. With a 
reduced aperture giving 4,400 cub. ft. of air per minute the windage 
loss was 2258. 

The amount of air passed through the machine per minute was 
measured in two different ways : (1) An anemometer was used to find 
the mean velocity of air at the exit in feet per minute, and this 
multiplied by the area of the exit in square feet gave roughly the cubic 
feet per minute. (2) The total rise in temperature of the air in passing 
through the machine was measured, and from the known losses causing 
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the heating the flow of air could be calculated. The first method was 
not as accurate as the second. It gave on the average an air velocity 
from 5 to 7 per cent. too high. We have therefore adopted the figures 
given by the second method. These are probably right within 5 per 
cent. It must be remembered that what we are really concerned with 
is the weight of air passed through the machine per minute. The volume 
of the air changes with the temperature quite appreciably. Thus at 
20° C., 750 lbs. of air have a volume of 10,000 cub. ft., while at 60°C. 
the volume is 11,400 cub. ft. There were three tests, which we dis- 
tinguish by the letters A, B, and C. | 

In test A the air supply was cut down to about half its normal flow. 
The ficld magnet was excited with 133 amperes (about 30 per cent. 
more than the no-load field current.) The resulting iron loss was 
43°5-k.w. and the I?R loss in the field magnet was 8:5 k.w. Thus the 
total losses going to warm up the air were— 


Kilowatts. 
Windage ... 45% " — n ‘ie 22:8 
Excitation ... др 25 5 = тА 8-5 


Iron loss ... vi 524 т ds is 435 
Total ҚА vus jos 748 


After running 4 hours the temperature of all the parts of the 
machine rose within half degree of their final temperature. The air 
entered the machine at an average temperature of 21:7? C., and was 
expelled at an average temperature of 53:2? C., giving a temperature 
rise of 315% The heated air did not represent the whole of the heat 
produced. The cast iron frame presented a cooling surface of 
10,900 sq. in. and had а mean temperature over the air of 28° С., 
so that it would radiate * in almost still air about— 


10,900 X 0008 x 28 = 2744 Е.М. 


The cast-iron blocks upon which the frame rested would carry away 
not more than 1'5 Елу. Let us say that 4 k.w. was lost by the frame. 
This is such a small fraction of the whole that we need not estimate it 
very accurately. Then we have 74:8 — 4 — 70'8 k.w. carried away by 
the air. Now І k.w. is equal to 240 calories per second, so we have— 


708 X 240 = 17,000 calories per second. 


* It is of interest to note what a small fraction of the total losses on a large turbo- 
generator are dissipated by external radiation ; in this case about 54 per cent. In the 
case of a medium-speed generator of 5 k.w. about 50 per cent. of the losses сап be 
accounted for in external radiation. Radiation is used here in its commonly accepted 
inaccurate sense and includes convection to nearly still air. The true radiation by 
heat waves is rather less than half of these figures, and may be calculated approxi- 
mately from the formula :— 

 Hingramcalories per sec. = surface in sq. cm. of equivalent sphere X ø x (T,*— T,*) 
where с = 0:6 х IO-" for a dark painted generator and Т, = temperature of gene- 
du іп °C. above absolute zero, T,= temperature of surrounding objects above abso- 
ute zero, 
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Taking the specific heat of air at 0°2375 we have— 


BO EE NET no 300 lbs. of air per minute, 


02575 315 453 I 


Or 4,400 cub. ft. of air at 53° C. The anemometer measured on the 
average 4,800 cub. ft. of air per minute. This reading must be too 
high, because 4,800 cub. ft. of air per minute raised in temperature 
31°5° represents more power than was actually supplied to the machine, 
SO we will take 4,400 cub. ft. as about right. 

It is interesting now to see exactly how the air was heated up as it 
passed through the machine. 

The temperature of the air in the various ventilating ducts and in 
the air-gap was measured by a pair of thermo-couples, mounted on a 
long wooden rod, which could be moved about in the ducts while the 
machine was running. Two couples of equal resistance connected in 
parallel were used, one on each side of the rod, so that if there were 
any difference between the temperature of the air on one side of the 
duct and the other, the reading obtained gave the average value. The 
couples were of such a very thin wire (oor in. diameter) and were 
mounted in such a way that when exposed to a breeze they assumed 
the temperature of the air almost immediately. It was thereforc 
possible to take very rapidly a large number of readings of the 
temperatures at different depths in each air-duct, and to plot curves 
such as those given in Fig. 20. The lines marked H, I, J, K, and L are 
drawn through the points which give the readings of temperature rise 
at different depths in the ventilating ducts as indicated by the dotted 
lines in Fig. 19 bearing the corresponding letters. The hole at the top 
of the frame at which the air was expelled measured 36 x 20 in., and it 
was only over this area that it was possible to insert the wooden rod 
carrying the thermo-couples. In some parts within reach of this hole 
a flexible strip of press-spahn with a thermo-couple attached was used 
to take check readings, and the couples placed in the ducts in the 
lower part of the machine (that is to say, below the rotor) were used as 
a further check. These lower couples gave readings 2? or 3° higher 
than couples placed in the same ducts in corresponding positions at 
the top of the machine. This was possibly on account of the slightly 
lower velocity of the air thrown downwards, there being a certain 
amount of back pressure produced by the resistance of the flow of air 
through the annular space in the frame. As far as could be ascertained 
by a number of check readings taken over thc ficld, available from the 
exit hole at the top, the chart in Fig. 20 represents fairly well the 
distribution of temperature in the ducts in the top half of the machine, 
and if similar charts had been taken in radial planes at various angles 
all round the machine, the chart would have been very similar, but all 
the temperatures would have been gradually raised about 3? as we 
approached the planes lying below the rotor. 

Temperatures were at the same time taken of the air admitted, 
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of the air in the end bells, in the gap, in the yoke, and at eight 
different points distributed over the exit. 
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Fic. 20.—Temperature Rise of Air at different Depths in the Ventilating Ducts. 
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The average temperature of the air drawn into the machine was 
21°7° С. It will be convenient to speak of the temperature rise over 
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this initial figure, rather than of the actual temperature of the air. In 


the end bell at the points F and С the temperature had risen 9:8» C. and 
10°2° С. respectively. This rise was due partly to the work done to the 
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A? of ventilating duct. 


Fic. 21.— Temperature Rise of Surface of Iron in Ventilating Ducts. 
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air due to the centrifugal blowers, partly windage and I?R losses from 
the end bells of the rotor, and partly from heat radiated from end plates 
of the machine. The lowest temperature recorded in the air-gap was 
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at the entrance to the first ventilating duct. Here the rise was 14° С. 
As we passed from the first vent duct to the centre of the machine the 
temperature was higher, but the increase followed an irregular law as 
indicated by the wavy line marked position H in Fig. 20. The curious 
dip in the curve in the centre of the machine which is also seen in 
the curves of temperature rise in the iron in Fig. 21, only occurred when 
the air supply was throttled. It does not occur in Figs. 22, 23, 24 and 
25. The throttling of the air supply reduced the pressure in the end- 
bells from 4:25 in. of water for full aperture to 0°75 in. of water. Thus 
the blast along the air-gap must have been very much reduced, while 
the blowing action of the vent ducts on the rotor would have taken a 
more important part in the scheme of ventilation than when the full 
blast was in operation. Owing to the meeting of the two opposing 
currents of air in the axial holes in the rotor, there is a tendency for 
the pressure of air from the rotor to be greatest in the middle, and this 
increased pressure probably gave a supply of rather cooler air near the 
centre of the machine. 

The velocity of air at the exits of the different vent ducts, though not 
perfectly.constant as one passedifrom duct to duct, was only very slightly 
greater in the centre of the machine than at the ends. It is therefore 
sufficient for our purpose to take the mean tempcrature rise of the 
air entering the ducts as derived from curve Н at 20-52 С. 

Let us now calculate the number of kilowatts, x, required to heat up 
the air to 20:5? С, We have, from our previous calculations— 


кые: 
708 7” 3125 
x = 46 k.w. 


Now the windage only amounted to 22°8 k.w. and the I?R in the 
field to 8:5, so that we have 1477 k.w. in addition which must have been 
supplied by the iron loss, and communicated to the air mainly on the 
cylindrical face of the armature. A small amount—probably about 
3 k.w.*—would be supplied to the air from the end plates of the 
armature. Deducting this, we have about 1177 k.w. conveyed to the 
air by the cylindrical face of the armature. As we have seen above, we 
are able from this data to calculate the specific rate of cooling per 
square inch of armature face. 

As the air passes along the vent ducts the temperature rises ; in 
some ducts the air received as much as 11°5° further rise іп tempera- 
ture, in others not more than 8° rise, the mean being about 10'2? rise. 
If y is the power expended in heating up the air 10°2°, we have— 


e us. 
7087 315 
у= 23 kw. 


> That this amount is small can easily be seen when we come to calculate the 
amount of heat given to the air in one ventilating duct. 
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iron punchings. The thermo-couples were placed in the centre of a 
packet of punchings at the points М, N, O, P (see Fig. 22), another 
couple was placed at Q just behind the first punching in the packet ; 
the packet in question was the one between ducts 5 and 6 in Fig. 19. 
For the purpose of taking rapid readings of the temperature on the 
surface of the iron punchings within the ducts an instrument was made 
which consisted of a piece of copper foil 0'125 X 0°75 x o'or in. 
soldered to a thermo-couple mounted on a velvet cushion, and 
arranged on a wooden rod so that it could be pushed down the venti- 
lating ducts and pressed against the shect iron. А spring was provided 


«4,400 cubic feel of air per minute 
155 amps. excitatior. 


| 


| | mkan Петр 


T 


Distance from air fap My) centimetres. 


FIG. 23.—Curve showing how the Air is raised in Temperature as it 
passes along the Ducts and the number of Kilowatts absorbed. 


at the back of the cushion to give the requisite pressure, the copper 
foil being shielded from draughts by the cushion, and being of small 
heat capacity very soon assumed the temperature of the iron against 
which it was pressed, thus onc could read off directly on a millivolt- 
meter the temperature of any surface against which the copper foil was 
placed. | 

Fig. 21 gives the distribution of temperature of the iron on the 
surface of the various ducts in test A. The curves H, I, J, K, and L 
correspond with thc positions in the ducts shown by the lines in 
Fig. 19. 

Е? wil be seen that the curves follow the general shape of the 
curves giving the rise of temperature of the air, but they are on the 
whole about 10'5* higher for the position H and 8-55 for the position L. 
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If we take the average value of the temperature of the air at the 
position H, then the average value at the position I, and so on, and 
plot these average values, we get a curve giving the mean temperature 
rise of the air as it passes through the ventilating ducts, like that shown 
іп Fig. 23. The ordinates in this figure give the rise above the tem- 


Degrees Centigrade, 
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М2 of ventilating duct. 


Fic. 24.—Rise in Temperature of Air with Air Supply doubled and Losses 
as before. 


perature at which the air enters the machine, the rise before reaching 
the ducts being 20:59, and the rise іп the ducts being 1072? C. 

Taking similarly average values of the temperature of the iron at 
the various positions, we get a curve of temperature rise of the surface 
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FIG. 25.—Rise in Temperature of Iron with Air Supply doubled and Losses 
as before. 


As the total amount of air passing though the ventilating ducts was 
300 Ibs, per minute, it is possible to calculate the watts absorbed by the 
air from the rise in temperature by the formula— 


300 X 453 X 0°2375 х temperature rise 


Kilowatt = болоо 
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Plotting the kilowatts absorbed by thc air, we get the curve shown in 
Fig. 23. The velocity of the air in that part of the ventilating duct 
which was narrowed by the armature coils was 8:4 metres per second, 
in the part of the ventilating duct beyond the armature coils the velocity 
was 4'5 metres per second, and at the exit of the ventilating ducts the 
velocity fell to 3:2 metres per second. Plotting these figures we get 


8800 cubic feel of air per min. 
/55 amperes excitation. 
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the velocity curve in Fig. 23. We have given on the same figure the 
difference of temperature between the iron surface and the air, the 
velocity of the air and the watts absorbed. If we take the slope of 
the curve giving the watts absorbed, say at a point 16 cm. from the 
entrance to the duct, the slope of this line gives us the kilowatts 
absorbed by the air per centimetre travel. At the point of the 16 cm. 


8 


8 


Degrees Centimaiae. 
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the rate is 800 watts pcr centimetre. The temperature difference 
between the air and the iron at this point is 9°, and the total arca of 
the ventilating ducts to which the air is exposed in traversing the 
centimetre length of path is— 


(300 X 2 X 21) + (72 X 2 X 21) = 15,600 sq. cm. 


If we denote by k the watts per square centimetre of cooling surface 
per °C. difference of temperature between surface and air, we have— 
800 


h = 9 X 15,600 = 0°0057. 


This is at an air velocity of 3°95 metres per second. 

In order to see the effect on the distribution of temperature through- 
out the machine with a greater draught, in test B the air supply was 
increased to 8,800 cub. ft. per minute, the iron loss and excitation 


| {ой 
2 35 4 35 6 7 8 3 WU г?з M 45 6 1? 8 0 20 2 ге 23 
9 of ventilating duct. 


Fic. 27.—Rise in Temperature of Air Supply doubled and Iron Loss 
increased to 56 k.w. 


losses being as before. The temperature of the air in various ducts is 
given in Fig. 24, and the temperature of the various parts of the surface 
of the ducts in Fig. 25. Plotting the average values of the air tem- 
peratures at different depths in the ducts, we get the curve marked 
“Temperature rise of air” (Fig. 26), and plotting the average values of 
the surface temperatures of the iron, we get the curve marked “°С. 
rise of iron" (Fig. 26). On this figure is also plotted the vclocity of the 
air as it passes along the ducts and the kilowatts absorbed by the air. 
Taking the tangent of the watts absorbed at the point 16 cm. from the 
internal cylindrical face of the stator, we find that the air is picking up 
heat at the rate of 1,250 watts per centimetre length of path. The 
difference of temperature between iron and air at this point is 7? С., 
and the total area of surface exposed for 1 cm. of path is 15,600 sq. cm. 
as before ; we therefore have— 


1,250 
= А боо = 291146, 


the velocity of the air being 70 metres рег second. We see from 
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these experiments therefore that k (the watts per square centimetre 
of cooling surface per °C. difference of temperature between surface 
and air) is almost exactly proportional to the velocity of the air. k, in 
fact, is given by the equation— 


Л = 0001457, 


where v is the velocity of the air in the ventilation duct in metres per 
second (see Fig. 13). 

In test C the air supply was maintained at 8,800 ft. per minute, but 
the iron loss was increased to 56 k.w. and the excitation losses to 
17'5 k.w. Under these conditions the temperature distribution of the 
air and iron in the ducts is given by Figs. 27 and 28 respectively. 'The 
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NW? of ventilating duct. 


FiG. 28.—Rise in Temperature of Iron with Air Supply doubled and 
Iron Loss increased to 56 k.w. 


mean temperature rises of air and iron at different depths in the duct 
are given in Fig. 29. The watts absorbed by the air at different depths 
are also given on this Fig. 29. 


CONDUCTIVITY OF IRON PUNCHINGS. 


If we have a packet of iron punchings in which the loss per cubic 
centimetre is constant, and if all the heat generated is conducted 
across the packet and given off ,symmetrically to the air in the ven- 
tilating ducts which bound it on each side, the hottest part of the 
punchings will be in the centre, and the temperature gradient at any 
point within the iron will be proportional to x, the distance of the 
point from the centre. Let w be the watts lost per cubic centi- 
metre, then wd will be the loss in a little part of the iron laminations 
I sq. cm. in area and d x cm. thick. The total heat generated in a 
block т cm. high and 1 cm. wide, and of length x will be w x. If 
K, is the heat conductivity in watts per square centimetre per ° С. 


. difference of temperature per centimetre, the temperature gradient 
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Е multiplied by the heat conductivity is equal to wx. As У is 
negative when x is positive we— 
d 0 
— K, di w x. 
w 
0 = constant — 2K, 47, 


The curve of temperature distribution within the iron is therefore 
a parabola such as that plotted in Fig. 22. 


8,800 cubic Feel of air per min. 
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In the experiments above described measurements were made of 
the temperature in the centre of the packet and on the exterior. 
Knowing the loss per cubic centimetre of iron we can calculate К, 
as follows :— 
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The total iron loss amounted to 43:5 k.w. Of this 4:5 Клу. was 
in the teeth, and 39 k.w. behind the teeth. The total volume of iron 
bchind the tceth was 710,000 cub. cm. 

Thus— 

39,009 _ 0'055 watt per cubic centimetre = w. 

710,000 

It is seen from Fig. 22 that the temperatures on the medial line 
between P and N were almost constant for points on both sides of 
O, so that the amount of heat conducted from O towards P and N 
would not be very great. It would not be negligible because the con- 
ductivity of the punchings in this direction is so much greater than 
the conductivity across the laminations. Let us take the figures at the 
point O, where the heat conducted along the laminations is at a mini- 
mum, and calculate the conductivity on the assumption that all the 
heat flows to the walls of the ventilating ducts. 

Now there are 8° difference of temperature between the centre 
and the surface of the packet, so we have— 


38 = 46 — 0055 жа (sec Fig. 22). 
2 K, 


2,0055 1. xg 
8 = 2K, (2°25). 
K, = 0'0174 watts per square centimetre per °C. per centimetre. 


К, = 0°0042 calorie per second per square centimetre per °C. 
per centimetre. 


The formula given by Dr. Ott for the heat conductivity across 


laminations is— 


ee б, + б, 
K, = б, å т 


К, tK Tta 


where— 

0, = thickness of iron in centimetre. 

6, — thickness of insulation in centimetre. 

К, = conductivity of iron = 0115. 

K, = conductivity of insulation (paper = 0'0003) (varnish 
= 0'0006). 

а = conductivity of rough surface. This may be between o'5 

for smooth and o'04 for very rough iron. 


In our experiments ô, = 0'041, 4, = 070033, the insulation being 
paper. The formula gives K, = 00035. 

In the experiments described the loss per cubic centimetre, о055 
watt, was rather high. This was because the machine was run at 
30 per cent. above its normal field excitation. A more usual figure 
for бо cycles would be o:045 watt per cubic centimetre. If then 
we take the conductivity of the punchings at 0'0174 watt per square 
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centimetre per 9 С. per centimetre we have 0, the difference іп tem- 
perature between the surface and middle of the packet— 


ыы 190045 га 
2 X 0'0174 


For a packet 4:5 cm. thick (x = 2725) the excess of temperature would 
be 6:59 C. and the mean temperature of the iron above the surface only 
45? С. 

At 25 cycles the loss per cubic centimetre would be about 0'025 
watt per cubic centimetre. Here the packets might be about 6 cm. 
thick for the same temperature rise in the hottest part. 

In any case, it is seen that unless tbe packets are made much thicker 
than is usual in practice the temperature rise in the centre due to the 
poor heat conductivity across the laminations is not of very great 
importance. 

CONCLUSIONS, 


We see, then, that in arranging for the cooling of large electrical 
machines the following matters must be taken into account :— | 

'т. Sufficient air must be provided to carry away the heat generated. 
If 100 cub. ft. of air per minute is provided for each kilowatt loss it will 
in general be sufficient. If the conductivity for heating of all parts is 
sufficiently good and the air is so distributed that none of it receives a 
temperature rise greater than 32? C. it may be that бо cub. ft. of air per 
minute would be sufficient to keep the machine below 45°C. rise. 

2. Sufficient cooling surface must be provided to communicate the 
heat to the air. 

3. For ventilating ducts we may take the formula— 


h, = О'ОО14 v. 


Where ht, is the watts per square centimetre of cooling surface per °С. 
the difference of temperature between surface and air and v is the 
mean velocity of the air in the duct in metres per second. 

4. For the cooling of the surface of rotors and the internal 
cylindrical face of stators we may take the formula— 


jo = 333 X watts per sq. сіп, 


(1 + 017) 


5. To find the difference of temperature between an armature coil 
and the surrounding iron one can adopt the method given on page 682, 
using the constants for the heat conductivity of the insulated material 
given in Table II., and allowing for air-spaces whose resistance is given 
roughly by Fig. 5. 

6. To find the temperature rise of the surface of wire-wound coils 
upon which the air is blowing with a velocity of v metres per second 
we may take the formula— 


hg = o'oot1 (1 + 0°54”). 
Vor. 48. 47 


Mr. Law. 
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7. To find the difference between the inside of a wire-wound cor 
and the external surface we may follow the method given os 
page 695. 

8. To find the difference between the temperature of the centre and 
the cooler parts of a hot-bed of conductors cooled mainly by the conduc- 
tion of the heat along the conductors we must adopt the method given 
on page 686. 

In conclusion, we wish to express our indebtedness to Mr. H. M. 
Evans and Mr. R. D. Hobden for their diligence in conducting some 
of the most tedious parts of the investigations, and to Mr. S. G. Nottage 
for the work he has done in plotting the results. We also wish to 
express our thanks to the British Westinghouse Company for the 
facilities they have given us in carrying out the experiments and for 
their permission to publish the results. 


DISCUSSION. 


Mr. A. H. Law: The points which the authors have brought for- 
ward must be of the very greatest interest to every designer. Table II. 
I think, is particularly interesting, although a certain amount of the 
ground has been covered before by work done elsewhere. Perhaps 
the most interesting thing is the relatively small difference between the 
results in column 10. I think if any of us had not these results before 
us we should have been inclined to say that the difference in the 
thermal conductivity of different insulating materials would have been 
greater than this. The lowest and the highest figures are both for 
mica compounds. The lowest figure contains 19 per cent. of shellac, 
and the highest figure is practically pure mica, so that probably for 
ordinary commercial working we can take a figure about half-way 
between the two, which brings the figure for mica very much in line 
with the figures for other materials. In the same way with regard to 
the varnished empire cloth, which is the next highest figure, probably 
in actual practice it would not be possible to press it as tightly as has 
been done in this experiment, and consequently perhaps that figure 
would be slightly reduced. As a result it appears that thc difference 
in the thermal conductivity of different insulating materials if used 
intelligently is not very great. I was very much interested in the 
various methods of ventilation described and illustrated in the figures. 
particularly in Fig. 18, which I understand is the same tvpe of machine 
as that on which all the experiments were made in the later part of the 
paper. I have used this system of ventilation in a number of large 
machines almost identical with that shown in Fig. 18, that is, in plants 
up to 6,000 k.w., in the larger alternators using a screw fan in place of 
a centrifugal fan. The question of fans on large alternators is certainty 
rather a vexed one, owing to the difficulty of getting high efficiencies 
for the fans. As far as I can make out in the experiments done on the 
1875 kilovolt-ampere plant of the authors, the efficiency of the fan with a 
small quantity of air was in the neighbourhood of 2} per cent., and of the 
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fan with the large quantity of air it was about 19 per cent. I do not want 
the authors to think that Iam giving these figures as being exceptionally 
bad ones. I know myself that with a fan of this type on a revolving field 
magnet a figure of 19 per cent. is nearly as high as it is possible to get. 
Of course the figure of 2} per cent. was obtained with the fan doing 
a great deal less than its proper duty. Considering these efficiencies 
further, we find that if in place of these fans an external fan of a really 
efficient type had been used, an amount of from 16 to 20 k.w. might 
have been saved in the losses in this machine. This amount would be, 
I suppose, about 20 to 25 per cent. of the total losses, and consequently 
it is conceivable that in this way the rating of the plant might have been 
increased by ropercent. I do not think this applies to small plants, as 
it is obviously inconvenient to use separately driven fans on a plant of 
moderate size ; but for very large machines I think the separately 
driven fan with its high efficiency is undoubtedly the proper solution of 
the ventilating question. The authors mention in dealing with the 
question of the thermal conductivity of the laminations that the con- 
ductivity along the laminations is one hundred times as much as it 
is across the laminations, and they pointed out the small rclative 
importance of this difference. There I very much agree with the 
authors. The alternative to passing the heat across the laminations 
is to carry the air through longitudinal ducts in the core, but this means 
that the bulk of the ventilating air is never compelled to pass over the 
surface of the rotor coils or the stator coils, and therefore the stator coils 
at any rate can only be cooled by conduction through the iron. In 
Fig. 18 an arrangement is shown in which the whole of the ventilating 
air is pumped into the rotor, and first passes over the surface of the rotor 
coils, which it is well known are the limiting factor for the output of a 
turbo-alternator ; then it passes over the surface of the stator coils, 
which, being usually of high tension, should be kept as cool as possible ; 
and finally passes through the air ducts, and cools the stator iron, which 
relatively is of lesser importance. Thus we get the greatest cooling in 
the rotor copper ; next to that we get the best cooling in the stator 
copper ; and finally we deal with the heat in theiron. I was very much 
interested in Fig. 20 and the following figures, showing the dip of tem- 
perature in the centre of the stator core. The authors give an explana- 
tion for this on page 708, where they say it is due totherelatively greater 
importance of the fanning action of the rotor when the air was 
throttled. I have observed the same thing, and in some cases to a very 
considerably greater degree, in a large number of machines. I do not 
think it is entirely dueto the cause assigned by the authors, and I think 
that from their own figures it can be proved that the iron losses at the 
centre of the stator—that is to say, in the bundles of laminations near 
the centre of the stator—are less than in the bundles of laminations near 
the end. Compare Figs. 27 and 28, in which the stator is being worked 
with a large amount of air passing, and with what is, I take it, more than 
the normal iron loss of the machine. In Fig. 27 it will be noticed that 
the air supply at the centre of the stator is very much hotter than it is 
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at the ends, whereas the actual temperature of the iron given in Fig. 28 
is only very slightly above what it is at the ends; it follows that the 
difference in temperature between the cooling air and the iron at the 
centre is less than the difference in temperature between the cooling 
air and the iron at the ends. Asa result it follows that the quantity of 
heat passing from the iron to the airislessat the centre than at the ends, 
since the author tells us on page 708 that the quantity of air at the centre 
was only very slightly greater than at the ends. Iam not sure whether 
I have made myself quite clear as to this, but clearly if the air is coming 
out at the same temperature as the iron, no heat is passed from the iron 
to the air. If theair is coming out only one or two degrees cooler than 
the iron, then only a small amount of heat is passing from the iron tothe 
air, and at the centre of the stator the difference is comparatively small, 
whereas at the ends the difference is considerable. This, it seems to me, 
shows that the iron loss in the centre is lower than it is at the ends, 
although the air is actually hotter owing to its having picked up heat 
while passing along the rotor ducts and air-gap. It would be an easy 
matter definitely to make a test of this by stopping up the ventilation of 
the plant altogether, and running for perhaps ro or 20 minutes, and then 
measuring the temperature rises. No heat will have bcen carried off in 
the air, and the actual temperature rise of the iron would be a mcasure 
of the loss. I shall take the first opportunity of making that experi- 
ment. In the machines in which I have been concerned there is 
an easy explanation for the loss being greater at the ends, and that 
is that the shaft which projects from the rotor core reduces the satura- 
tion in the portions of the rotor near the ends. I take it that the 
authors' rotor is built up of discs of steel mounted on a shaft, and 
if thercfore, as is undoubtedly the case in Figs. 27 and 28, where 
the machine is running above the normal voltage, there is a consider- 
able amount of saturation, it seems likely that the saturation will be less 
at the ends than it is at the centre, and as a result the flux density in the 
stator iron near the ends of the machine will be greater than at the 
centre, and consequently the losses will be higher. 

Mr. E. H. RAYNER : It is very pleasant to find one's work of some 
years ago useful to present.day designers, as the authors have 
mentioned in two or three places in the paper. The design of 
turbo machines is not in my line at all, but there are many ideas in 
connection with the work carried out which are extremely useful ; 
and if the authors had not done this work, or if they had passed 
the ideas on to me, I should have been pleased to have carried 
out some of the laboratory work on these lines. But still I had 
not the idea and they had. With regard to the remarks of Mr. Law,I 
do not think I can in any way claim that any of the thermal conduc- 
tivity results as given in Table II. depend on my work ; they all, 1 
think, depend on that of the authors. They mention at the bottom or 
page 679 that the heat conductivity of empire cloth at a temperature 
of 100? was considerably greater than at atmospheric temperatures. 1 
presume the authors tested this at, say, normal temperatures of 40? or 
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50? C. ; then allowed it to heat up, and tested again at the higher tem- 
peratures. Did they then test again at the lower temperatures, because 
I think they would very likely have found an improved conductivity at 
the lower temperatures on account of the materials sticking together ? 
This would considerably improve the conductivity, and the ro per cent. 
or I2 per cent. mentioned might be accounted for in that way. On 
page 702, and on the following pages, the question of cooling through 
ducts is taken into account. Asa result of experiments on other lines, 
I am told that if air is sent through a heated tube the temperature of 
the outgoing air is very largely independent of the velocity. If the 
velocity of the air be doubled, the temperature still keeps up, and if it 
be doubled again the temperature still keeps up ; in other words, the 
air does not scem to go through the tube solid, with the middle of the 
stream cooler than the outside. It is all very effective in cooling, how- 
ever, so that for a very large range of velocity we can still depend on 
the air being usefulfor cooling purposes. "There is no reduction in the 
temperature of the air as the velocity is increased, as one would be 
inclined tothink. On page 705 some very interesting figures are given— 
I have no doubt that their importance is realised by designers—as to 
the actual amount of air required to cool a machine which is not a very 
large one—under 2,000 k.w. in size. It works out at 300 Ibs. of air per 
minute, which isa very considerable amount when put into cubic feet. 
Air has the advantage of being very cheap and of being able to travel 
at a great velocity, but its density is so small that it requires an 
enormous volume and a correspondingly large cross-sectional area of 
cooling ducts in the machine in order to get this amount through. It 
seems to me that if instead of air we could use water for cooling, 
instead of getting through 300 lbs. per minute, which works out, I 
think, at 2,000 odd litres of air per second, a little more than half a litre 
of water would have the same cooling effect. It seems to me that if it 
were possible to cool the stator of the machine by means of water 
tubes the volume of liquid required would be of the бгаег of 3,500 
times less. In that way a small quantity and a small cross-sectional area 
of pipes would be very much more efficient than the air that is at 
present required. May I venture to supply a few somewhat wild ideas 
for the authors’ criticism? I will take the general question of the 
cooling of large machines—how it is done at present and how it is 
possible to do it. First of all we have air cooling, which, I suppose, is 
quite general, and the value of velocity I have already mentioned. I 
have already suggested that water cooling in tubes might possibly to 
some extent replace air cooling with considerable advantage if it were 
practicable. It might also be possible to do it in the rotor. Then 
there is a third system of cooling of a large generator, which I am 
afraid is impracticable although it sounds very nice, namely, to treat it 
as we should a high-voltage transformer and immerse it completely in 
oil. That is not possible on account of the great peripheral speed of 
the rotor, but I think it might be possible to immerse the stator in oil. 
An oil-tight shield would be wanted around the inside of the stator, 
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which should have no eddy currents in it, but otherwise it would be 
possible practically to immerse the stator in oil and pump cooling oil 
through it. Then there is also another possible principle theoretically, 
and that is to make the conductors in the high-voltage windings in the 
form of tubes, and cither pump water or oil through them and cool them 
in that way. The hole would want more cross-section in the middle 
of the conductor than designers would be inclined to allow, but it is 
possibly a practicable method. Water could be pumped in at the 
centre of the earthed star system, and be allowed to drop out at the 
high-voltage ends of the conductors. There is no trouble in doing 
that ; it is the ordinary method that is used in all Swiss power stations 
for making lightning arresters by means of a little jet of water. If 
water is objected to, oil could be used ; but I am afraid the viscosity of 
the oil would be rather high and the specific heat is considerably lower. 
Half a pint of water per second, if we could get it, would be extremely 
valuable through the internal conductors of the high-tension windings. 
There is another point on which I am quite convinced the authors 
have made a great discovery, although perhaps they do not know it. 
In discussing this paper with some authorities on aerodynamics, I gave 
them the figure for the calibration error of the anemometer. The 
authors say that the two sides of their equation balance within 1o per 
cent.—in other words that the anemometer error was not above 10 per 
cent. That seems to be an extraordinarily good anemometer. I was 
asked whether Mr. Miles Walker had ever had it calibrated to get it 
so near as that. The authors have invented a method of calibrating 
anemometers of which they may not be aware, and which would be 
especially useful at low velocities. Taking a stream ot air (flow- 
ing in a pipe) whose velocity is required, we can put into it by 
electric heating a measured amount of energy per second. If also the 
corresponding increase in temperature is measured, it needs but a 
knowledge of the specific heat of air at constant pressure to calculate 
the velocity. * The electrical and thermometric measurements would 
give no trouble ; and since the authors give the specific heat even to 
four figures, an accuracy of about 1 per cent. might well be expected. 
Mr. A. R. Everest: Referring to the heat-jacketing effect of the 
insulation, the figures given by the authors differ quite considerably 
from other figures that have been obtained from testing in many cases, 
and it may be of interest to refer to the other tests in order to compare 
them. The first tests made several years ago consisted in taking a 
large alternator coil insulated with tape and varnish to a depth of 3, in. 
and passing a current through it so as to heat it; the change of resist- 
ance was used to determine the internal temperature whilst the outside 
was measured by a thermometer. The figure deduced from that test 
gave a constant of about 230? C. rise for 1 watt per square inch in 
an inch thickness. Another test made in a calorimeter on a coil 
insulated in the same way with tape and varnish gave very similar 
results—about 236? C. Later there were a number of tests made on 
different kinds of insulation, tested between plates, and the figures 
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obtained from those tests for varnished cloth and other similar materials 
came out very much the same—in the neighbourhood of 240? C. Also 
about the same time a test was made with a composite insulation con- 
taining 30 per cent. mica, and that gave 400? C. for 1 watt per square inch 
on an inch thickness. A very careful test was made some three years 
ago with a view to getting more exact facts, and I refer to this particu- 
larly because it has several points of similarity to the authors' tests. 
Wooden cylinders were used in this case about 15 in. long and 2 in. in 
diameter. Each cylinder was first of all wound with a layer of fine 
insulated wire, which served as the heating coil and also as the measure 
of the temperature. Outside that was the layer of insulation to be 
tested, and outside again another layer of fine wire, whose resistance 
was measured periodically. From the changes of resistance of the two 
coils the internal and external temperatures were plotted. "Those tests 
as regards impregnated fibrous materials gave about 240? C. rise for 
I watt per square inch acrossan inch thickness. In view of those various 
tests and others which have been made it is a little difficult to under- 
stand the figure which is given in the paper, which, expressed in the 
same terms, comes out in the case of the first item, varnished cloth, at 
158°, which is only a little more than half. Several of the other fibrous 
materials in this table give results which are just about what would be 
expected from the tests referred to. I do not know whether the 
authors can suggest anything that will throw more light on that subject. 
Then as regards mica, undoubtedly pure mica has a very high heat 
conductivity, and the authors have shown us tests on three pieces of 
mica ү» in. thick which gave a constant of 110° C. for 1 watt per 
square inch across an inch thickness, which is extremely low. But 
unfortunately we cannot use pure mica on coils in that thickness, but 
mica put into wrappings must be in the form of thin laminae. From 
the authors' figures as well as the other tests mentioned, it can be seen 
that when mica is present in a composite insulation the resistance to 
heat-flow is increased. In the eighth item in Table II., which refers to 
the actual coil insulations described by the authors and illustrated on 
page 685, the observed result is given in several terms, but in the terms 
I have used it comes out at 350°, which is somewhat high. In connec- 
tion with that I would like to ask if there is not an error in the figure 
given on page 683, where the description is given of this winding in the 
slot. The statement is made that “the difference of temperature 
between the copper and iron is 20°6° C. ; mean perimeter 6:8 in.,” and 
the constants for heating are deduced apparently from that figure. 
But the dimensions as given do not give that at all ; they give 5'3 in., 
which makes quite a difference in the constant. There is also another 
point on which I would like to ask the authors if they can throw some 
more light. Inthe core as shown on page 683 and in the results given, 
the difference of temperature between the internal copper and the iron 
was about 21? C., which is about what I think would have been 
expected. But at the coil ends the difference between the inside and 
outside is only about 16°, Is that due to there having been less insula- 
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tion on the coil ends, or is it due to the fact that eddy currents were 
present in the slot portions which were not present in the end portions : 
I think it would be interesting to have that point explained more fully. 
There is one other thing I should like to refer to, namely, the cooling 
constant in still air which is referred to on page 68r. Possibly I have 
misread the figures, but apparently the constant is given as o'^oorr in 
watts, although sometimes calories are used. That works out to 36o* C. 
rise for 1 watt per square inch surface. In a large number of test 
made at different times the value has always come out somewhere i: 
the neighbourhood of тоо to 110? C. There is one other comparative.x 
minor point to which attention might be called. In connection with 
heat conductivity along the copper conductors the authors take the 
absolute zero of resistance at — 273? C. Now the absolute zero of resist- 
ance, or the equivalent zero of resistance as given by the American 
Institute Standard Rules, for some time past has been — 238°. I see tha! 
in the new revised rules issued a few months ago they now mate i: 
— 234°. It makes a slight correction in the direction of bringing down 
the temperature of drop along the conductor as calculated in the 
paper, and I mention it particularly because the figures given in the 
example calculated seem to me to be somewhat high as compared with 
the figures that would be derived from more familiar methods. 

Mr. T. J. Sack: I desire in the first place to draw attention to 
Table II. As Mr. Law has already pointed out the relative positions 
of the materials, so far as their thermal conductivity is concerned, I will 
not go over that matter again. But there is one interesting point 
worth noticing, namely, that the thermal conductivity is almost propor- 
tional to the disruptive strength. If we take mica, which is first in 
order of thermal conductivity, that has a disruptive strength of anything 
up to 3,000 volts per mil. The second on the list, empire cloth, has a 
disruptive strength of goo to 1,000 volts per mil.; the third, empire 
cloth and mica, when of equal proportions, 50 per cent. of cloth and 
50 per cent. of mica, has a disruptive strength according to my tests of 
875 volts per mil., and so on. I do not think the proportion of mica to 
cloth materially affects the result. The value of the figures given 
is somewhat discounted by the fact that the amount of air-space has 
such a great effect on the results. It is very noticeable that the results 
which come out rather higher than we should expect are those obtained 
by Bacon's method, in which it is possible to eliminate the air-spaces to 
a greater extent. I refer to the result obtained for press-spahn, which 
seems rather high, and to that of pure mica, which is extraordinarily 
high. I think those high results are due chiefly to the method which 
was adopted. I was rather astonished to find that the micanite tube. 
consisting as it should do of nearly all mica, gave such a poor result 
Going carefully into the matter I found that the percentage of shellac 
that the authors have shown for their tubes is rather high. А good 
machine-wound pure micanite tube should not have more than 5 per 
cent. of shellac in it. There is one other point regarding machine- 
wound tubes to which | wish to refer, namely, that they are wound 
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under very heavy pressure, which tends to eliminate all air-spaces ; so 
that I believe a much higher result, and nearer to the result obtained 
for mica, would have been obtained had the tube been machine-wound. 
I think the high result obtained with empire cloth is also due to the 
fact that it can be wound much tighter, and air-spaces thus eliminated. 
It is rather interesting to note that in Amcrica empire cloth has come 
very much into vogue for cable insulation. One of the points that are 
urged for it is that a cable insulated with empire cloth is better able to 
withstand an overload, or, in other words, an increase in temperature. 
I believe the fact that the cloth possesses this property of having a 
high heat conductivity accounts for this result, the heat being con- 
ducted away quicker. I was rather disappointed to find that the 
authors have not shown any results for leatheroid, vulcanised-fibre and 
paper as used in cables, as these materials are in very extensive use 
nowadays, and the results would have been very valuable. ‘Touching 
on the question of air-spaces, it seems to me a most vital thing to 
eliminate all air-spaces in the slot of an armature. Messrs. Fleming 
and Johnson proved conclusively that chemical action can be almost 
entirely eliminated if the air-spaces are eliminated.* Further, the 
puncture voltage is increased if all the air-spaces are eliminated ; and 
the authors have told us, and proved by their figures, that the thermal 
conductivity is thereby improved. 

Mr. S. E. GLENDENNING : I think we want to know more about the 
permissible velocities of air, the size of fans and air-passages necessary, 
etc. One hearsof makers who keep five or six different sizes of fans in 
stock, and try them on the machines during test until they get the 
desired result. The question of water-cooled machines raised in the dis- 
cussion is not quite a new one. My firm has quoted on water-cooled 
motors, and has pointed out to the customer that he could use the 
ordinary domestic water service, but users are prejudiced against water 
and seem to prefer air. One point in connection with the arrangement 
of ventilating passages, with which the authors are no doubt fully 
acquainted, was not mentioned in the paper. A turbo-generator is apt 
to act as a sort of mechanical air-filter. If the air is turned quickly 
round a corner one seems to get the same effect as in a steam separator. 
The heavy particles (of dust in this case) carry on, while the air turns 
round the corner, and an accumulation of dust is the result. This, 
as well as the actual cooling effect, ought to be taken into consideration 
in designing air-passages. The authors rightly mention the effect of 
roughnesses in the air-passages in collecting dust—another very import- 
ant point. If I might make one complaint in connection with this 
paper, it is that I wish the authors would keep to one series of units. 
When we get centimetres and inches mixed up it makes things rather 
involved ; and I have not yct had time to translate all the authors' very 
useful formulae into square inches and degrees Fahrenheit, in which I 
usually work. 


* Proceedings of the Institution of Electrical Engineers, vol. 47, р. 530, 1911. 
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Professor W. M. THORNTON (communicaled): In such a series x 
researches as the authors’ the variables can only be dealt with in turr 
but in practice each part is affected by the changes going on elsewhere. 
It would be an advantage if examples could be given of temperature 
calculated from the new results and of observed values on load. Аз 
aggregation factor might thus be found by which, for given types, thc 
temperature of any part could be predetermined on load from tex: 
оп it alone. With reference to the heating of magnet coils, it has bee: 
shown by Mr. G. T. Williams,* from prolonged experiments on smail 
machines running in vacuo that very nearly one-half of the heat 
liberated in the field coils is removed by convection, the remainder 
by radiation and conduction. One-quarter of the total field heat is 
removed by the fanning action of the rotating armature in the cas 
of a 7.H.P. Westinghouse direct-current motor. The authors find 
a smaller proportion with large enclosed machines. The question 
of flow of heat in armatures is complicated by inequalitv in its rate 
of production. Both eddy currents and hysteresis loss, іп so far as (Һет 
depend upon flux density and its variation, are much greater in the 
active belt at the circumference than deeper in the core. For a given 
quantity of heat liberated the armature might be expected to run some- 
what cooler than predicted by experiments where there is uniform 
heating, on account of the more ready escape of heat from the outer 
parts; on the other hand, for a given mean heating, the temperature 
would be higher at the circumference. 

Mr. H. W. TAYLOR (communicated): At the present stage in the 
development of electrical machinery a scientific understanding of the 
heat distribution and “heat paths" is essential, and the importance 
of the subject has probably been appreciated by designers in two 
stages. First, the vigorous circulation of air in quickly revolving 
machinery of the present day enables more heat to be expelled from 
a given size of structure ; secondly, when advantage is taken of tht: 
fact, larger temperature drops result from carrying larger quan- 
tities of heat from the source of generation to the place of radiation. 
thus giving rise to “hot spots.” The experiments described in the 
paper upon the heat conductivity of insulations are interesting in this 
respect, and as applied to high-voltage machines one is sometime: 
prompted to ask whether there is not an economical limit to the stator 
voltage for a machine of given output. Generally speaking, a high- 
voltage machine (11,000 volts and above) should work with a lower 
temperature-rise under maximum conditions than а low-voltage 
machine, because of the heat drop across the coil insulation. The 
stator core density must therefore be lower in proportion. Agan. 
in a high-voltage machine there is more insulation and probably much 
more copper, so that the active belt is wider. All these considerations 
point to a larger and therefore more expensive machine—so much 
so that there are probably cases in which it is more economical to 
generate at half voltage and step up to full voltage in auto-transformers. 

* Electrician, vol. 63, p. 706, 1909. 
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Іп view of the divergence of practice at the present time іп high- 
speed construction and especially in methods of ventilation, as discussed 
by the authors on page 699, and as evidenced by various figures in the 
paper, it is interesting to speculate as to whether one type of machine 
will be evolved from the variety of designs now manufactured by 
different makers, in the same way that the present universal type of 
slow-speed machine has been evolved from the several different types 
which existed in the eighties and nineties. The ventilation of the rotor 
should receive foremost attention for the following reason. Witha 
given diameter a compromise must be made in the rotor design 
between the space to be occupied by windings and the remaining 
space which is to carry flux, and with the diameter restricted by 
mechanical considerations it follows that the highest rating at a given 
speed is obtained in that rotor which is most perfectly ventilated. It 
seems desirable, therefore, to give the freest access of air to the rotor. 
This is probably best effected by means of frequent radial ducts along 
its length, similar to Fig. 18, the air being propelled by vigorous fans 
and the rotor being ventilated from both ends. The rotor itself is 
probably the most effective fan in this respect, but additional impellers 
may be mounted on the shaft. Care, however, has to be exercised in 
the design of these latter to ensure that they are capable of delivering 
the total amount of air required into the intermediate space between 
them and the rotor cavities at an increase in the air pressure, otherwise 
they will form merely an obstruction. The air leaving the rotor 
cavities will pass into the air-gap, and although it will be raised in 
temperature somewhat by friction between the stator and the rotor 
surfaces, it is probable that a large amount of heat is here extracted 
from both the stator and rotor punchings. The partially heated air 
will subsequently pass from the gap region into the ducts provided in 
the stator punchings, as with frequent rotor ducts, as suggested, this 
would seem to be the only means of passing off the rotor air. The 
stator will not be so cool as it would be if it were provided with fresh 
cool air, but there is no consideration except that of cost which limits 
the loss in this part of the machine. It is admitted that with this 
system of ventilation higher windage losses result than in such con- 
structions as that shown in Figs. 16 and 17, but on the other hand, 
much better ventilation is obtained, so that for a given output the 
percentage friction loss may not be widely different, and the method 
described has the advantage from the point of view of highest output 
for a given limit in mechanical construction. As regards the ventilation 
of the end windings, it would seem most desirable, in view of the above 
considerations regarding rotor heating, to provide separately propelled 
air streams for these regions, discharging these into the region at the 
back of the punchings. It may, however, be desirable to provide dis- 
charges quite separate from those for the air from the punchings, owing 
to the fact that with two fans arranged to discharge into the same 
passage a slight difference in pressure between the two discharges will 
reverse the flow іп the less powerful one. 


+ 


Mr. Taylor. 


Mr. Roberts. 


Dr. 
Kosenberg. 


728 SYMONS AND WALKER: THE HEAT PATHS [12th Dec. 


Mr. R. J. ROBERTS (communicated): In glancing over the separated 
losses of a turbo-generator it is very soon noticed how great a propor- 
tion the air friction loss is to the whole. Not only does this air friction 
increase the lost energy of the turbine, but it also adds to the heat 
generated, and this must be carried away by a larger quantity of air. 
With radial ventilating ducts in the core it is scarcely possible to 
reduce the air friction, because the air must flow through them, and 
the friction loss is approximately proportional to the quantity of air 
multiplied by the square of the rotor peripheral specd. With axial 
ducts so much air friction is not obtained. In a test of a 500-k.w. 
turbo-generator with radial vents it was found that the air friction 
alone was sufficient to raise the temperature of the ventilating air 
20? F. If axial vents had been used with a separately-driven fan this 
air friction might have been very greatly reduced and a gain in tem- 
perature-rise effected, say 12° F.—this would have been well worth 
considering. I quite recognise the objections to axial ducts, such as 
dirt deposition, but still I think that, for some such conditions as turbo- 
generators with a peripheral speed above, say, 9o metres per second, 
the axial ventilating duct is superior to the radial. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON 
I2TH DECEMBER, IQII. 


Dr. E. RosENBERG : The authors have given much valuable informa- 
tion іп a compact form. Some papers which have treated a small part 
of the questions dealt with here have given the results of their investi- 
gations in such cumbersome form that they are not handy for use. Ifa 
designer would try to figure out a temperature-rise of a new machine 
with such formula, it would take him weeks and months before his 
calculations were finished, and another designer might, in the same 
time, have the machine already designed, constructed, and tested— 
perhaps even rejected, and built another one which conforms to speci- 
fication. -All these heating formule, whether they are empirical or 
theoretical, must needs neglect a lot of factors, and therefore represent 
in the best of cases only an approximation, and to be useful such 
formulae must be simple and short, as indeed аге all the formulze given 
in this paper. This paper deals with a question which is most im- 
portant for the designer and for the life of the machine, because it 
shows the internal temperature-rise, which ordinarily is never measured, 
and of which the customer and the consulting engineer in general have 
no knowledge. It is entirely a question between the designer and his 
own conscience. As far as the usual specifications go a machine passes 
the test if the temperature-rise of no accessible part exceeds 40? C., but 
we see from this paper that it is quite possible that in one machine the 
highest temperature of a non-accessible part may be only 20? above 
the measured temperature, while in another machine 60° may be the 
difference between the hottest and the measured parts. In the absence 
of this knowledge, electrical engineers have chosen the same rule that 
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mechanical engineers choose when they do not know the forces coming 
on to a structure: they have allowed what is called “a high factor of 
safety." We know from experiments that untreated cotton is not 
carbonised when subjected continuously to a temperature of 125? C. 
Paper and mica, of course, can stand much higher temperatures. With 
a room temperature of 25? C. the limit for the temperature-rise would 
therefore be 100? C., and if we specify 40? C. measurable temperature- 
rise on full load, this would be a safety factor of 24 (corresponding to a 
mechanical safety factor of 24 for the elastic limit), allowing a margin 
of 6o? C. for the unknown internal temperature-differences and for 
overloads. If we knew the internal temperature-differences we could 
specify a greater temperature-rise, and at the same time be safer than 
now, just as a mechanical structure might be safer in which all forces 
occurring are well known, and only a safety factor for the elastic limit 
of 2 allowed, than another construction in which important forces are 
neglected, and for the forces taken into consideration a safety factor of 
5 is allowed. If we consider that with a given machine the internal 
temperature-differences are in a certain relation to the measured 
temperature-rise and not to the measured temperature, we also see 
that it is wrong to specify the same ultimate measured temperatures 
for different external room temperatures. If, for instance, say for 
India or Persia, the room temperature is considered as 40? C. and a 
temperature-rise of only 25? C. is specified, the ratio of the available 
temperature-rise (up to 125? C.) to the specified measured temperature- 
rise is 85/25 = 3'4, and if somebody would allow for a cool climate with 
o? C. room temperature 65? C. measured temperature-rise, his safety 
factor would dwindle down to 125/65 = rg. To keep the safety factor 
in all cases the same, namely, 2:5, we should allow in the first case 
34? C. and in the second 5o? C. measured temperature-rise. One of the 
most interesting theoretical parts of the paper is the calculation of 
the hottest spot in a coil in which the heat travels only in one linear 
direction (pages 685 and 686). Тһе formula— 


Т, = Tmas. COS (443 X 1075 X I x x) 


is perhaps misleading if it is thought that Tau. can be regarded as 
a constant. In reality T, can be considered as a constant, because it is 
possible to keep the temperature of a certain measurable point (x = л) 
at a certain value, and then we find that the greatest internal tempera- 
ture-rise over this measured temperature can be represented as— 


Кес 43 автору 
cos (443. 105. I.x) ' 


"TL aas: Баа T, = Ey 


and this formula shows that for a given current density I there is 
always a certain finite length x, which will make the denominator zero, 
and therefore the value of the fraction infinite. In the sample of the 
authors, for instance, it is only necessary to take the length, instead of 
20 centimetres, as 91% centimetres to get to this point. Тһе existence 
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of such a critical point, however, although strange at first sight, is 
explained by the fact that the specific resistance of copper is propor- 
tional to its absolute temperature, and it is clear that if the temperature- 
rise with constant resistance under the given assumptions were 273? C., 
and the resistance really is doubled due to this temperature-risc, that this 
again would double the temperature-rise and double again till infinity 
is reached. I would mention that the formula is only correct under 
the assumption that the heat conductivity is constant for variable tem- 
perature. From the figures available in good hand-books, I find that 
for a copper cube of 1 metre each side, the heat transmitted for 1? C. 
temperature-difference is 320,000 gramme calories per hour, which 
would correspond to 377 watts heat flow for a cubic centimetre. The 
authors' figure is 3 watts. 

The authors have shown how detrimental air-pockets are from the 
heating point of view, and we know how detrimental they are from the in- 
sulation point of view.* This shows the grcat value of thorough impreg- 
nation. The experiment of the authors which shows the value of the 
radial air-ducts is of great practical importance. Some engineers were 
completely misled in this question by experiments referred to in this 
paper which showed that the heat conductivity of a sheet-iron packet is 
approximately 80 or 100 times as great in the direction of the sheet as 
compared with the direction across the sheet. The practical conclusion 
is notiby any means that air-ducts parallel to the sheet are without 
value, but only that the distance of air-ducts parallel to the sheet must 
be smaller than the distance of air-ducts across the sheet in order to 
allow the same internal temperature-rise inside the packet. This 
question has also been theoretically dealt with by Ossana.1 

Professor E. W. MARCHANT: With regard to heat conductivities, 
the best given in the paper for insulation is o‘oog for pure mica. I had 
the curiosity to look up some figures in Everett’s book of “ Physical 
Constants,” and find that the figure for copper on the same basis is 472, 
so that we get aratio of heat conductivity between mica and copper of 
about 400. I should like to make one criticism with regard to the 
experiments that were made on the heating of coils. I notice that in 
the interior of this coil solder was used to conduct the heat from the 
heating coil to the copper surface which was in contact with the 
insulating material. I would like to suggest that mercury would have 
been better for that purpose, since its heat conductivity is more than 
twice as good as tin. There is one point which is not dealt with in the 
paper, 1.е., the rate at which the armature or field coil heats up. I 
worked out only a few days ago a rather interesting result which may 
possibly be of some value. The temperature-rise of a coil supplied 
with a constant amount of power and in which the heat loss is assumed 
to be proportional to the temperature-rise is given by the formula 
Ө = 0, (1 —e—4) ; where @ is the temperature-rise at time /, 6, is the 


* Fleming and Johnson, Fournal of the Institution of Electrical Engineers, vol. 47, 
р. 530, 1911. 
T Elektrotechnik und Maschinenbau, vol. 27, p. 489, 1909. 
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final temperature-rise, and Т is a quantity usually called the heating Profeszor 


time constant, and depends on the mass and specific heat of the coil 
and оп the radiating surface. Тһе value of Т may be found approxi- 
mately, for a transformer or other similar machine, by observing the 
rate of decrease of temperature of the coils per degree of temperature- 
rise. The heating time constant is the reciprocal of this quantity. In 
order to estimate it, the transformer may be run for a short time, the 
power supply to it shut off, but all cooling arrangemements left work- 
ing, and the rate of decrease of temperature observed. To take an 
example : In a given case the temperature rise of a transformer was 
20°C, The power supply was cut off, and the machine allowed to cool. 
The temperature fell 2 C. іп ten minutes. The time constant 
== I/rate of cooling per °C. = roo minutes. This estimate is of course 
approximate only, but serves to show for how long the heat run 
should be continued. Theoretically, the temperature-rise at the end of 
a time equal to the heating time constant will be 63:6 per cent. of the 
final rise. At the end of a time three times as great as the heating 
time constant, this temperature rise will be 95 per cent. of the final 
rise, and this time for heat run is ample for all practical purposes. 

Mr. J. S. PEck: When engineers first began to make electrical 
machines, they built them first and rated them afterwards. But as 
the laws of the magnetic circuit became better known, and as the 
quality of iron and steel reached some degree of constancy, machines 
could be designed with some degree of certainty, at least in so far 
as efficiency was concerned ; but the question of predetermining the 
temperature-rise in a new machine has been, and is still, a most 
difficult one. Differences. of 50 per cent. іп the temperature-rise 
from the calculated values are not uncommon, and in most cases 
temperature-rise of a new machine is predicted from previous 
tests on similar machines rather than from calculations on heat 
conductivity and radiation. The authors’ paper marks a distinct 
advance, in that it brings us one step nearer to that position when 
in the design of electrical machinery empirical rules may be 
replaced by exact mathematical formulae. 

Mr. J. K. CarrERsON-SMiTH : I should like to draw attention to а 
few results I have obtained which refer to the empirical temperature 
formula given on page 717 of the authors' paper.. In section 4 they 
give an expression of the form originally introduced by Dr. Hopkinson 
for the final temperature-rise of the surface of an armature, and which 
I understand has been checked by Mr. Miles Walker for turbos at 
92 metres per second peripheral velocity. Now I do notthink it is per- 
missible to use this expression, as it stands for other types of machines 
and very different values of velocity, for, asis well known and stated in 
the paper, the cooling depends greatly upon the design of the structure 
for ventilation, and I think this is the explanation of the difference in 
the various expressions on page 718. I give below a number of co- 
efficients for this form of expression which I have taken from test 
figures, and it will be noticed that there is a considerable divergence 
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from the figures quoted in the paper. I would like to say with regard 
to the armature surface O (page 718) that it is most important to specify 
whether this is the total cylindrical surface of the armature or the 
smaller cylindrical surface of the core only. In the equations below, 
the total armature loss, W, on load includes the stray losses due to 
armature reaction effects ; O is the cylindrical surface of the armature 
= r X D x L, where L is the overall barrel length), vis the peripheral 
velocity in metres per second, taken up to 25 to 30 metres per second. 
For armatures of ordinary open type, multipolar construction up to 
about 2 feet in diameter— 
oC = 350 
(a) ор р 
W (: + 0°22 ”) 


for large machines in which the cooling is much more effective— 


ЛРС 300 
tC. = тыз а 
Ww (: + 0°20 v) 


From these equations it will be seen that a considerably higher rating 
of an armature is obtained than if the expression given in the paper is 
used, or, as stated above, I fancy the equation on page 717 refers to turbo 
velocities. As a check on the formula I have the following value from 
tests on direct-current turbo armatures running at 75 metres per 
second— 


(c) 


2 


FO шы ®7Ө „2. 
d - (1 0152) 


which agrees fairly well with the expression given by the authors. I 
think the authors gwe a simple explanation of the index law for the 
air velocity when introduced into the expression for the temperature- 
rise of coils upon which air is infringing with a velocity v, but I am not 
quite prepared to agree that the formula in section 6, page 717, is 
suitable for use in machine calculations, owing to the practical im- 
possibility of estimating the air velocity with accuracy, and therefore I 
think the more usual, though certainly rougher method of employing an 
expression of the same form as those previously taken for armatures 
has something in its favour. Some empirical linear law equations are 
given below, taken from tests on the field coils of multipolar dynamos ; 
they refer to coils of the ordinary type wound in bobbins and not split 
into ventilated sections. The surface O is the outside cylindrical 
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1911.] 
конц апа v is the peripheral velocity of the armature in metres рег мй сане. 
second. 
Small machines— 
oC — 450 ‚ 
dd к (: + 0°02 v) ' 
W 
medium-size machines— 
С. = 500 o . 
O А 4 
W (: + 0:026 v) 
large machines— 
Р С. = 540 = 


or (: T 0'024 v) | 


In dealing with the case of totally enclosed machines it is found 
that as all the heat has to be dissipated eventually from the outside 
surface of the carcase the laws of temperature-rise appear to be 


| 
Warm air outlet 


| Cooling air inlet 


Fic. A. 


different, a linear law no longer even approximately holding for 
armatures; and in the case of field coils the temperature-rise is 
practically independent of the velocity v. I am glad to state my 
agreement with the authors as to the great value and interest of the 
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Mr caer: temperature experiments of the National Physical Laboratory рге 
"sented by Mr. Rayner іп 1905.* It was these experiments that first 

drew attention generally to the temperature gradients throughout 

windings and to the importance of impregnating the windings with 


solid insulating material if the gradient is required to be small. The 
same idea is present to some extent when field coils are wound with 
bare aluminium wire, the surface of which is allowed to oxidise. The 
authors' discussion of the relative merits of axial and radial cooling 
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vents in cores is of particular interest, and in this connection I think 
Fig. А may be of value as showing a turbo-alternator in which no radial 
ventilating ducts are employed on the lines of Fig. 16. In order that 
the heat may be abstracted effectively from the edge surface of the 
laminations and the under surface of the copper, the punchings for the 
stator and rotor are in the form of double slots, as shown in Fig. B. 


* Proceedings of the Institution of Electrical Engineers, vol. 34. p. 613, 1905. 
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Reference has been made in the discussion to the law of temperature- 
rise of electric machinery as involved in the problem of the heating 
of machines on short time runs and load factor duty.’ As pointed out, 
the law is often of the form @=6,,,, (1 = 0), but I should like 
to draw attention to the fact that it very often departs greatly from this 
simple law, owing to the complex nature of a machine when considered 
as a heating body. I think the law of rise of surface temperature of an 
armature may be regarded as the summation of the law for the several 
parts in which energy is being lost ; that is, for an armature the copper, 
the teeth, and the core have each their own heating time-constant, and 
should there be, as is often the case, any great difference in the 
respective constants, the summation gives a law which is not so simple. 
Another cause which may be observed for departure from the above 
law is the fact that at the start there is no temperature gradient across 
the section of a winding, and thus the maximum rate of increase 
of temperature often takes place some time after the start, as indicated 
by curve I, Fig. C. A plan commonly emploved on the test.plate for 
* finding a mean value for the constant T, checking whether the ex- 
ponential law is followed in the particular case, and sometimes even 
for determining fairly closely the final rise without carrying out more 
than a fraction of the whole run, is to plot 0 and d@/dtasin Fig. C. 
The extent of the departure of the 40/41 points from a straight line 
indicates how nearly the simple exponential law is being followed ; 
further, the value of Т, is given by tan 8. By producing this straight 
line to intersect the vertical co-ordinate at A the maximum rise is 
obtained, as shown by the dotted lines. 

Mr. J. FRITH : One very useful thing that this paper has done is 
to show how important a part ventilation plays in the design of 
an electrical machine. Some people, and I am sorry to say some 
consulting engineers, seem to view a fan in a machine with distrust, 
as if the machine had come out hot on test and the fan had been 
added as an afterthought. I have tested machines for one consulting 
engineer who insisted that if there was a fan on the machine it must 
be blocked up during test. Throughout the paper it is taken for 
granted that nothing can be done with the heat until it gets to the 
surface ; but cannot some way be found for controlling the position 
of the isothermal surfaces, say by putting copper foil between the 
layers of a shunt winding, in some such way as grading the insulation 
ina cable? One problem which has not been touched on in the paper 
is the resistance to the passage of air through an annular space one 
side of which is revolving, e.g., the air-gap of a dynamo. Another 
point which I think is worth considering is the use of something other 
than atmospheric air for cooling entirely enclosed machines, such as 
turbo-generators ; if we let compressed and cooled air into the case 
of such a machine we could, at any rate, control the final temperature ; 
further, if we used some imperfect gas such as CO,, there would be 
a possibility of utilising some of the energy expended in the com- 
pression by allowing it to expand into the case and so cool itself, 
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Me Paye: Mr. K. FAYE-HANSEN: I am specially thankful to the authors for 
` the tests regarding the heat conductivity of the insulating materials, 
because I have tned in many ways different sources from which such 
information ought to be obtainable, but always without finding any data 
which could be practically used. Regarding the tests themselves, it 
seems perhaps ungenerous to suggest that further tests should have 
been made, when one knows the immense amount of work involved in 
making reliable heat-tests. I think, however, that it would have been 
advisable to measure the heat conductivity of the material, using at least 
two thicknesses, In this way the difference in heat resistance, dependent 
upon the thickness, could be ascertained, and if there is any heat resis- 
tance between the surfaces of the conducting materials used inside and 
outside the insulation material under test and the insulation material itself, 
it would be eliminated. Regarding the resistance of air-space as shown 
in Fig. 5, I would suggest that the curve ought to be drawn asymptotic 
to the horizontal line at the value of 1,800 and not goo, as goo is a heat 
resistance between one surface and air, while when the air has to pass 
from one surface to another it will have to overcome heat resistance 
from surface to air and again from air to the outside surface. Regarding 
the heat conductivity found by experiments on machines, I should like 
to know if in the figure given the authors have taken into account any 
heat being conducted away from the portion of the winding in the slots 
to that portion lying outside the slots and exposed to the cooling air. 
From my reading of the paper this does not seem to be the case, and 
it would therefore be interesting to know if any appreciable deviation 
from the results obtained can be expected due to this cause. I would 
also ask the authors if in practical machines carefully built up they 
would not expect the specific heat conductivity to be improved with 
the thickness of the material, as it is likely that the air ducts at the 
surface between the metals and the insulation material will be 
proportionately smaller the thicker the material used. 

As regards thc figuring of conduction of heat along conductors, it is 
of interest to note that the figuring has been done under the assumption 
that there are no eddy losses in the windings, so that in practice the 
temperature-difference will be even somewhat greater than that figured. 
Coming to the question of the different heating or cooling coefficients 
for ventilating ducts, field coils and armature surfaces, I personally 
think that it would be theoretically correct to consider them from one 
point of view, and that is in the way in which the authors have 
considered the cooling ducts. Here they have taken the actual tem- 
perature-difference between the surface and the air near to the surface 
and also the speed of the air near to the surface. Neglecting thc 
radiation by heat waves, there is no reason why the figures for 
armatures and field coils should not be the same if we are able to 
bring them down to the same basis, 1.е., the actual air-temperature 
and the actual speed relative to the surface. I believe that on this 
basis the cooling constants will depend on the speed of the air, the 
condition of the surface and to some extent on the temperature 
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апа the specific weight of the air, but will not be influenced Бу the 
way in which the relative speed between the air and the surface is 
being obtained. For obtaining these coefficients, tests regarding the 
cooling effects of air ducts will of course be the simplest, while in 
case of armature and field coils it will be necessary to measure, or 
try to figure, the actual speed of the air along the surface to come to 
any consistent results. In case of a cylindrical rotor rotating in a 
cylindrical stator, the relative speed between surfaces and the air can 
probably be taken to be approximately half of the speed of the rotor. 

I also have made some careful tests regarding the cooling effects of 
ventilating ducts in air-blast transformers, and my results agree with 
those of the authors іп so far that at a given loss the cooling coefficient 
hv is approximately proportional with the mean velocity of the air in 
the ventilating ducts (within the limits measured 3 to 20 metres per 
second), the ventilating ducts in iron being from $ in. to 4 in. wide. 
I find, however, that the more watts to be dissipated per square 
centimetre, ic, the higher the temperature-differences, the highec 
became the cooling coefficient, so that in one given transformer, 
according to the loss supplied, I got a number of different approxi- 
mately straight lines. The cooling coefficients obtained by me were, 
however, considerably smaller (4 to 4) than those obtained by the 
authors shown in Fig. 13. This is partly due to the fact that I 
measured the iron temperature at different places near the air outlet 
only, as the places at the air inlet were not accessible, and I figured 
the coefficients on the basis of the same temperature along the whole 
surface of the iron, the average air-temperature being figured from the 
measured temperature of the outgoing and incoming air. If the authors 
had figured in a similar way, their cooling coefficients would only have 
been approximately 70 per cent. of those shown—-in this respect the 
authors' tests are of course more accurate than my own. The difference 
seems, however, too large to be explained alone by this, so that I should 
seek some of the difference in the way the authors have carried out 
their tests and calculations. In figuring the amount of heat taken away 
by the air from the punchings, the authors have assumed that all the 
increase in the temperature of the air in going through the ducts is due 
to the heat taken away from the iron, while a part of it must be due to 
the friction of the air against the side of the punchings. As the total 
windage is approximately equal to the total amount of heat supplied to 
the air in going through the ducts, the portion of this due toair friction, 
etc. may be considerable. To this extent the authors have over- 
estimated the cooling coefficients. 

Regarding the measurements of the air-temperature it seems also 
probable that the reading of the thermo-couples will be influenced 
somewhat by radiation from the iron, so that the actual air-temperature 
-in the slots probably is somewhat smaller than that measured, while it 
does not seem impossible that the shielding of the thermo-couple 
against draught when measuring the iron temperature has not 
been quite efficient, taking into consideration how difficult it is 
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Mr. Faye- to ensure this in the small space inside the ventilating ducts. It 
Напиле may also be that the actual amount of air has really been more in line 
with that measured by the anemometer than that figured from the 
losses and the temperature-rise of the air, as this in leaving probably 
will not have had exactly the same temperature throughout, so that the 
average temperature of the outgoing air may have been overestimated. 
It is also possible that an overestimating of the temperature of the 
outgoing air has taken place if the thermometer (or thermo-couple) 
used for measuring this has not been shielded from radiation from the 
punchings. When it is considered that the cooling constants are 
figured on a basis of a temperature-difference between iron and air of 
from 6 to ro? C., and that the kilowatts absorbed by the air are based 
on a measured increase іп air-temperature from also 6 to ro? С. 
it is clear that a small error in the temperature measurement will givea 
large difference in the result, and an error of 1? C. in air as well as in 
iron temperature might correspond to a difference in the coefficient k, 
of approximately 50 per cent. From the figuring of 4, on page 689 we 
obtain k, (assuming the speed of air along the armature to correspond 
to half of the rotor speed) approximately half of the value given in the 
paper. It seems, therefore, as if the authors' tests regarding the actual 
coefficient to be used in figuring the watts per square centimetre of 
cooling surface and per degree C. difference of temperature between 
surface and air are not conclusive, but that further tests ought to be 
carried out independent of the results obtained by the authors. The 
tests undertaken by them, as well as those made by myself, prove, 
however, conclusively that the authors are right in their statement on 
page 699, that with a given quantity of air passing through the machine 
the cooling effect will be better the higher the speed employed, so that 
from a theoretical point of view it is advisable to make the slots used 
for cooling as narrow as possible to obtain as high a speed as possible. 
This is, of course, limited by practical considerations regarding the 
power required for forcing the air through the machine and the heating 
of the air due to this power. Regarding the question of dirt, however, 
even narrower slots than those mentioned have been successfully 
employed, the speed of the air being kept very high. 
Mr. Digby. Мг. W. Роіллвр Dicsy: I should like to ask if there 15 any risk of 
the values obtained for tightly wound fibrous material being vitiated bv 
the infiltration of films of oil. Again, is there not a risk of uncertainty 
being introduced by the effect of the infinitesimal air films between 
them and thick materials? Then, too, could it be safely assumed that 
the thermal conductivity of insulating materials is independent of 
temperature, of course within the limits expected by those who design 
and test dynamos? Finally, has any fatigue effect been observed in the 
way of a loss of thermal conductivity in the case of fibrous insulating 
material which has been raised to a temperature that even Dr. Rosen- 
berg would regard as dangerous for, say, untreated cotton ? 
Mr. J. G. CUNLIFFE: On the Manchester tramways we often have 
in connection with football matches, etc., very heavy loading, and 
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іп one district have found it necessary to load the trolley wire to the 
limit of its safe carrying capacity. The period of loading being short, 
neither percentage energy loss nor pressure drop is of importance, and 
the limit is set by overheating, being actually the melting-point of the 
solder by which the line is attached to the ears. This, of course, has 
led to very complete and careful investigations into the thermal 
characteristics of heavy copper conductors at high values of the 
current density, and in one particular at least the results touch the 
present paper. Much heat is conducted to the surface of a machine 
and dissipated there by radiation ; it is known to be of importance to 
provide a dull black coating to the surface in order to assist this 
radiation, but the extreme value of this coating is seldom realised. 
Hinlein’s curves in Fig. ro illustrate this value, which is further shown 
by the following results obtained with new and old trolley wire :— 


Amperes | Temperature 


Specimen. Nature MON auam nee EN F. Remarks. 
Inch. 30 Minutes. 
N los. W.G Square inch. 
ew4/oS.W.G. |} |... ae 
A | copper wire || 0'125 4,800 350 Surface bright 
B .. | Old worn ditto | 0'120 5,000 285 Upper surface 
| black 


The old wire, which had been in service, had a dull black deposit of 
atmospheric impurities on its upper surface, and the difference in 
temperature-rise of 75° was due to the superior radiating properties 
of this film. 

Mr. W. Свамр: I should like to ask the authors one or two 
questions. It seems to me that in the first part of the paper they 
set out to construct heat circuit equations comparable to those for 
the magnetic or electric circuit. They apparently intend to calculate 
a temperature, a resistance, and a flux. It is a little unfortunate that 
the term “resistance” is used, as it may lead to confusion between 
electricity and heat. Even in this paper, which is so lucidly written, 
occasionally one has to stop and think in order to determine whether 
electric or heat resistance is being referred to. Having established 
some of the relationships necessary for these equations, the authors 
do not proceed to calculate probable temperature-rises on these lines, 
There does not seem to be any reason why simple machines should not 
be so worked out and then tested to ascertain how near the theoretical 
is to the practical result. It would be interesting to know if they have 
tried such correlation. Again, with regard to the formula recommended 
at the end of the paper, containing a constant divided by a term 
involving the velocity. It is not clear to me whether that 333 which 
the authors use has been compared with the theoretical results occur- 
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ring in the first part of the paper. Next as regards the actual constant, 
333. I worked out some time ago the results published by the National 
Physical Laboratory, and found that though 333 might be taken as 
a mean value, yet there were cases in which that constant varied as 
much as 100 per cent., or nearly so. Is it not somewhat misleading to 
suggest as a solution a formula which may have such an error? I would 
like to ask whether the authors intend this formula to apply simply 
to rotors of turbo-generators, or whether it is not supposed to be appli- 
cable toall sorts of rotors? There is next the question of the relation- 
ship between the external temperature and the internal temperature of 
coils. Mr. Rayner has drawn attention to the difference existing in the 
temperature gradient as between taped coils, varnished and un- 
varnished. Messrs. New, Levine, and Havill also experimented in 
the same direction. Their experiments show that the ratio of tem- 
perature-rise of the hottest part to the mean temperature-rise was 
I'21 when the machine was at rest, and 1°12 when running at full 
load. The results of tests at the National Physical Laboratory when 
worked out give the following ratios of mean temperature-rise to rise 
by thermometer :— 


Taped coils, machine light  ... js e. 77-273 
Taped coils, machine loaded ... 434 e. 10-25 
Varnished coils, machine standing ... „114-18 
Varnished coils, machine loaded ass e. I8-2:2 
Coils with taping removed, machine light ... r2 
Coils with taping removed, machine loaded 174 


That is to say, that the change of ratio due.to varnish alone was of the 
order of то per cent., and in some cases amounted to 20 per cent., 
which is an extraordinary result. I notice that for measuring their air 
quantities the authors made use of an anemometer. These instruments 
are so entirely unreliable that I cannot think the results can be of great 
value, especially with the apparatus shown. 

Mr. A. B. FIELD (communicated) : There are two distinct problems 
involved in the authors’ investigation. First, the determination of the 
specific thermal constants for various materials and surfaces under 
various external conditions; and, secondly, the actual conditions 
obtaining in an electric machine. For instance, to determine the 
watts per square inch per °C. difference of temperature that 
can be dissipated in a narrow vent with different air velocities, 
a direct investigation with a small inexpensive apparatus speciallv 
constructed with a view to confining the problem to one simplified 
issue would be the most satisfactory. However, in experimenting 
upon an actual turbo-generator, the authors have obtained other 
valuable information besides this particular result. The direct experi- 
mental attack on each item separately in these complicated problems 
is very useful if the results are used with due discrimination. The 
authors’ experiments on the conductivity of various materials illustrates 
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this, and it is almost to be regretted that they did not have the oppor- 
tunity to extend the work by a direct investigation of the radiating 
factors in ducts, both parallel to, and at right angles to, the plane of 
lamination of the соге, supplementing the deductions which they have 
drawn on these points in a somewhat involved way from the results 
obtained in an actual machine. The results given in Table II. are very 
instructive if considered as relative figures, and used cautiously. The 
difference between solid mica and built-up mica is strikingly shown. 
It would be of interest to have corresponding figures for the mica 
under mechanical pressure, as this condition raises the conductivity 
considerably, and actually occurs in practice, for instance, in turbo- 
rotors. Our attention is again forcibly drawn to the bad effect of air- 
spaces, both by the results given in this table and by page 681. The 
thermal resistance of a 1-millimetre dead air-space is given, and it is of 
interest to notice that it amounts to as much as that of a 12,000-volt 
coil insulation. By the impregnation of coils the air-spaces arc filled, 
and the increased thermal conductivity obtained is a not unimportant 
feature of the treatment. Perhaps the authors should have given a 
word of caution with regard to Table II. Giving these thermal cón- 
ductivity values to the third significant figure is apt to induce a false 
idea of their uniformity. Repeated tests on samples of the same 
material from different lots supplied by the same manufacturer will 
generally show very wide variations, almost as wide as between 
different materials. Again, fibrous materials, such as paper and treated 
fullerboard, show great differences of conductivity across and in the 
planes of the shect, even when under considerable mechanical pressure. 
In some experiments conducted by Mr. C. E. Skinner, of Pittsburgh, 
it was found that the thermal conductivity of pure sheet mica was 
reduced to almost one-half by baking for a short time at 100° to 150° C. 
—an important result, and one affecting directly the heating of some 
classes of apparatus after continued service. The experiments on the 
conduction of heat from the interior of the core to the vent surface are 
valuable. They indicate that in turbo-generators with radial vents, 
the vent spacing usually required to give a sufficient air-passage, gives 
a quite sufficiently uniform temperature through the thickness of each 
package of laminations. For slower-speed machines, where a wider 
spacing of vents is usually employed, the pole-pitch is generally much 
less, and the radial depth of punchings correspondingly reduced, 
allowing a greater proportion of radiation from the cylindrical surfaces 
of the core. Radiating surfaces at right angles to the plane of lamina- 
tion appear to be much more effective than those parallel to the plane, 
the difference being not fully accounted for by the difference in 
temperature between the interior of the core and the vent surfacc. 
Axial vent ducts have been found very effective partly on this account, 
and partly because they allow a total section of air-passage which is 
not limited by the air-gap entrance. - As the authors have pointed out, 
the ventilation of long machines becomes restricted by the area of 
entrance for the air to the anular air-gap space, and while this difficulty 
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has been satisfactorily overcome by methods of ventilation similar to 
that shown in Fig. 18a of the authors’ paper, there are several advan- 
tages in the somewhat simpler method of axial ventilation. In the 
case of the longer machines the full advantage to be obtained from the 
radial-slot type of rotor construction cannot be obtained without some 
other means of ventilation than vid the air-gap alone. Fortunately, 
with axial ventilation it is possible to adopt a much greater “ watts per 
square inch ratio " for a given temperature rise than with radial vents, 
and this compensates to some extent for the greater difficulty in 
obtaining large cooling surfaces (as distinguished from cross-section of 
vent passages) with axial ventilation than with radial. To illustrate 
the effectiveness of axial stator ventilation in allowing us to use the 
radial-slot rotor to its maximum advantage, we may cite the case of a 
standard 60-cycle 2-pole turbo-generator, in which an 80 per cent. 
power factor rating of 470 k.v.a. (on the basis of a 50° C. rise guarantee) 
is obtained from a 12-in. solid rotor weighing only 1,200 lbs., the 
complete machine weighing, without bearings, only 11 Ibs. per kilovolt- 
ampere ; and this rating is limited by the rotor heating, the temperature 
rise of the stator being considerably below the guarantee. 

Mr. MiLEs WALKER (in reply): Mr. Law has spoken about the 
efficiency of the fan. The main part of the losses that occur are due 
to the skin friction on the surface of the rotor. We find in actual 
practice that if we take the fan off a turbo-generator and run it we do 
not get any great reduction in the power taken to drive the rotor. 
With a fan such as shown in Fig. 18 the power taken to drive the fan 
is about 25 per cent. of the power required to overcome the windage of 
the rotor ; sometimes only ro per cent. of the power taken to drive the 
machine light is taken to drive the fan. It is very difficult to arrive at 
the efficiency of a fan mounted on the shaft of the rotor. The power 
taken to drive the fan with full aperture in the experiment described 
would be about 8 k.w. The main part of the 30 k.w. required to over- 
come the windage would be absorbed in skin friction on the surfaces 
of rotor and stator. [Mr. LAw: Can you give us the temperature rise 
through the fan?] The temperature rise of the air in the end 
bells is to a great extent caused by the friction of the end bells cover- 
ing the winding, and also by the heat from the winding that is radiated 
from the end bells. A certain amount of heat comes from the end- 
plates of the stator, so that unless we have the temperature of the air 
exactly as it came from the fan we could not very well get the efficiency. 
I agree that the efficiencies of the fans that are put on turbo-generators 
are not at all as great as we would desire. A much higher efficiency 
is certainly secured by having a specially designed fan driven by 
a motor. In large alternators it is worth while to do that, but as a 
rule it is a question of cost. It will be found that a man will not pay 
£60 or £70 for a special installation of a motor fan in order to get a 
small increase in efficiency. I do not agree that the amount of the 
efficiency can be increased by 1o per cent., because the actual loss in 
the fan of the machine is a very small loss indeed. With regard to the 
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losses in the centre of the machine being greater or less than at the end, 
I agree with Mr. Lawentirely. There are certain circumstances under 
which the losses іп the ends are greater than in the middle. We know, 
for instance, that the flux passes from sheet iron into the end-plate and 
very often causes a loss; there is a leakage field from the end of the 
rotor which attacks the end-plate and causes loss. Sometimes these 
losses are considerable, but we generally find that if a generator 15 
built with ventilating ducts evenly spaced all along the temperature 
rise in the centre is a good deal greater than at the ends. That is due, 
of course, to the fact that the air is heated as it passes through from the 
ends. The ends are fed with cool air. For that reason it has been 
common practice to make the ventilating ducts in the centre closer 
together than at the ends. That partly accounts for the smaller diffe- 
rence of temperature between the iron and the air in the centre of the 
machine. With regard to the cases referred to in Figs. 27 and 28, it is 
true that there is rather a small difference between the air coming out 
and the iron which is in the centre of the machine, but that I attribute 
mainly to the fact that with the very large amount of air passing through, 
and the ventilating ducts being very close together, they cool the iron 
down almost to the temperature of the air without much difficulty. At 
the ends of the machine the temperature difference in the iron will still 
be found to be less than in the other tests, but because the ventilating 
ducts are not so near together as the ends we have a greater difference 
of temperature between the iron and the air. I still think there is a 
good deal that is not understood in this temperature distribution that 
is found in turbo-generators. Sometimes we get very strange tempera- 
ture distribution. 

With regard to the question of water-cooling, I intended to make 
the same reply that Mr. Glendenning has already made, namely, 
that water-cooling has been tried, and the difficulty is that the 
customer does not want it. The Allgemeine Company have built 
turbo-generators of considerable size with water-cooling ; they pass 
the water into the frame. I think that for very large machines it will 
be used, for with very large machines it will pay to have a proper 
system of pipes which can be made thoroughly watertight. There must 
be no question about the watertightness of the pipes. Water-cooled 
transformers are made successfully because the pipes used are of 
drawn copper tube. If there is a joint it must be superlatively well 
made, because there must not be any risk of a leak. With regard to oil 
immersion, that has also been considered, but it has been found that the 
difficulties that Mr. Rayner suggested have been so great that nobody 
has carried it into practice. Some day it may be done. Pumping oil 
through a conductor has been carried out in coils, in which it is desired 
to get rid of a great deal of hcat from a very small coil. 

I was amused at Mr. Rayners remarks about the anemometer, 
because that anemometer was calibrated by the National Physical 
Laboratory. The method of measuring the air by measuring the tem- 
perature is, I think, one which can be used with fair accuracy in 
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practice. Asa matter of fact, we checked the anemometer in all the 
tests by taking very careful temperature readings of the air coming in 
and the air going out. We thought that would be as good a check as 
we could get. 

The figures from certain experiments on coils given by Mr. Everest 
agree as closely as can be expected with the figures given in Table II. 
It will be seen that cellulose fibrous materials, whose pores have been 
well filled with varnish, have a heat conductivity (expressed іп the units 
given in column то) of about 0:004 watt per square inch per °С. of 
temperature per inch length of path. For instance, treated rope paper 
is given as ооо42; a sample of empire cloth which was wound on а 
cylinder so tightly as to exclude air-spaces came out as high as 0°0063 ; 
while a sample of treated linen tape with which no special precautions 
were taken was only 0'0037. If we take о024 as an average figure, this 
gives us 250°C. rise for 1 watt per square inch, a figure in close agreement 
with the cases cited by Mr. Everest. The figure given for varnished 
cloth cannot be expected to be reached in practice because it is not 
likely that in the ordinary wrapping process in the shops all the air 
will be excluded, but it is interesting to have a test on varnished cloth 
to see how good the conductivity can be made. I am obliged to Mr. 
Everest for his correction of the figures relating to Fig. 7. The mean 
perimeter is 5:3 in. and not 6:8, so that the specific conductivity of the 
insulation works out at 0'00145 instead of o'oor12. The new figure is 
more nearly in agreement with other figures in the paper. I agree with 
Mr. Everest in what he savs about the equivalent zero of resistance. 
The zero for the formula given in the paper should not be 273, but 
some other figure depending on the part of the curve for the specific 
resistance to which we should draw the tangent which represents the 
law most nearly over the range within which we are working. I will 
look into this point and revise the formula accordingly. 

In reply to Mr. Sack, I would point out that the reason why the 
materials measured by Bacon's method give high readings is that the 
materials were in solid sheets and therefore free from air-spaces. It was 
not possible to wrap these sheets around a tube, and that is why a 
different method was adopted. One of the main objects of the table is 
to show the different heat conductivity of the same materials wheu 
mounted in different ways. 

In reply to Mr. Glendenning, I would point out that we have given 
the data in the tables in both systems of units for general convenience. 
In other parts of the paper we have not thought it worth while to 
convert to both systems, as it is sufficient to give in one system or the 
other the facts upon which our deductions depend. 

I agree with Professor Thornton that it would be of interest to work 
out the temperature rise on a machine from the rules and compare it 
with the figures actually obtained. We hope in the future to do this. 

While Mr. Roberts is right in calling attention to the large amount of 
power lost in air friction in turbo-gencrators, he is wrong in supposing 
that any considerable portion of this occurs in the ventilating ducts. 
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The main part of the loss is caused bytwo circumstances. One of these 
is that the air in passing through the fan or rotor is given a high velocity 
which is afterwards lost in eddics. The other is that the high velocity 
of the cylindrical surface of the rotor causes a very great deal of skin 
friction. In one experiment the machine was run for 4 hours with no 
excitation and no loss except windage. After the temperatures became 
steady it was found that the air in the gap had an average temperature 
rise of about 10° C., while no difference of temperature could be detected 
in an ordinary thermometer between the entrance and exit of the duct. 
It is useful to have the data given by Mr. Catterson-Smith for the 
cooling armatures, especially as he has been careful to state exactly 
how the surface is estimated. The fact that the so-called “ constants " 
differ so widely shows that these formula connecting temperature rise 
and velocity can only be used successfully when the constants have been 
determined for a particular type of machine. The method given of 
determining the approximate final temperature rise by means of data 
derived during a short test will often be useful in saving time and power. 
Mr. Faye-Hansen's criticism as to the importance of carrying out 
tests on several thicknesses of material is justified from an inspection of 
Table II., but as a matter of fact that table only gives a small part of 
the results that were obtained. Tests were made of four different 
samples of untreated rope paper which were, in fact, of different thick- 
nesses, and the results agreed sufficiently well between themselves. 
No attention is called in the paper to the absence of surface resistance 
in heat conductivity, as that point has already been dealt with in the 
paper by Mr. Bacon referred to. The reason why we have taken the curve 
in Fig. 5 as an asymptote to the horizontal line at 9oo is that our experi- 
ments were carried out on a cylindrical air-space, and as we increased 
the size of the gap the diameter of the outer surface bounding the air- 
gap became greater and greater; so in the limit this surface would 
become infinite and the thermal resistance on that surface zero. We 
therefore had in mind only the constant resistance of the internal 
surface. Still, Mr. Faye-Hansen is right, and our curve would have to 
be modified if it were applied to the case of an air-gap between two flat 
conducting surfaces. Referring now to Fig. 7, and the temperature 
rises given in connection with that figure, it will be seen that the 
temperature rise at К was 39? C., and at U, 38° C. This shows that the 
temperature at the corner of the coil is so nearly that in the slot that 
not very much heat would be conducted outwards. In calculating 
thermal resistances of either thin or thick insulations allowance should 
be made for the probable air-gap between the insulation and the iron. 
t is quite possible that the cooling coefficient o*0014 given in our paper 
is a little high for the reasons stated by Mr. Faye-Hansen. The effects 
he speaks of are, however, very slight. In the experiment cited above 
in which the air though heated up about 10° by friction before it left the 
air-gap received no appreciable warming in the ventilating ducts, 
showed that the air friction in the ducts is very slight. This is what 
would be expected. If we blow air at a velocity of 5 metres per second 


Mr. Walker. 


Nr. Walker. 
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through a ў-їп. duct for a distance of 11 in. we should not expect 
to get an appreciable rise in the temperature of the air. Still the effect 
is there, as in the other possible sources of error pointed out, and 
though very small, should perhaps be taken into account. 

In reply to Mr. Pollard Digby, I may say that some of our experiments 
were completely spoiled by the infiltration of oil and had to be repeated 
on that account. The effect of air films will always be to cause un- 
certainty in the calculation of thermal conductivity of insulation. 

I agree with Mr. Cramp that the formulz for the cooling of revolving 
cylinders are far from satisfactory. Our experiments were not expressly 
directed to the problem of revolving cylinders. All we have done in 
the paper is to collect some of the best-known formula on the subject 
and to apply one of them to a particular case which arose in our experi- 
ments. So far as we can judge, the formula given by Ott is as good as 
any formula can be which does not take into account all the circum- 
stances controlling the temperature rise. Otts formula also agrees 
very closely with that given by Arnold. 

I agree with Mr. A. B. Field that it would be of great interest to 
make further experiments by means of a specially constructed piece of 
apparatus on the rate of passage of heat from the walls of radial venti- 
lating ducts and of axial ducts so that the two systems of ventilation 
could be compared and further data obtained. I will take the earliest 
opportunity of carrying out some experiments of this kind. I think 
that it is perfectly clear from Tables I. and II. and the nature of the 
experiments that the figures given for conductivity are not to be 
read to the third or even the second significant figure. The results 
have been worked out on a slide-rule, and one naturally puts down the 
reading of the slide-rule as the result of the experiment. 

Reference is made to results obtained by Mr. C. E. Skinner. These 
results, I understand, are shortly to be published in America. They 
confirm the results given in Table II. Here are some of them :— 


Watts per quare Inch 
per 1? C. per inch Length 
of Path. 


Varnished cloth ans б ... О'ОО5О to оообо 
Varnished fullerboard vss .. 00032 , 00038 
Treated rope cement paper ... .. 00035 , 0'0042 


The reduction of the heat conductivity of mica after it has been heated up 
is to be expected if the heating occurs under such circumstances as to 
open out the laminz and introduce air-spaces. If no mechanical 
separation of this kind occurs I do not think that the heat conductivity 
will be affected, for mica is formed at a much higher temperature thaa 
1009 C., and its physical state will not be changed by such a low 
temperature unless the heat is applied so as to cause disintegration bv 
uneven expansion. The pieces of mica which we tested were specially 
chosen for their freedom from air-spaces. There were just a few 
cleavages near the edges of some of the pieces, and then there were 
the air-spaces between the three successive sheets. 
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Proceedings of the Five Hundred and Thirty- 
sixth Ordinary General Meeting of the 
Institution of Electrical Engineers, held on 
Thursday, 14th March, 1912—Mr. S. Z. DE 
ҒЕквкамті, D.Sc., President, in the chair. 


The minutes of the Ordinary General Meeting, held on 7th 
March, 1912, were taken as read, and confirmed. 


Messrs, A. T. Morris and F. Creedy were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected:— 


ELECTIONS. 


As Associate Members. 


Herbert Ambrose Cope. Wilson Ormrod. 
William Copeland. Hiroyoshi Oshima. 
Ralph David Given. George Lewis Rosser. 
William Richard Hackworth. Robert M. Russell. 
Harry Holliday. Stanton Swire. 

Charles Hubert Montgomery. Charles George Watson. 


William Young. 


As Associate. 


Frederick George Sneath. 


As Students. 


Mohamed Soliman Abdullah. Stanley Bantock North. 
Victor Atkinson Bright. Cleveland Garfield Richards. 
Alfred George W. Brookes. Charles Frederic W. Sedgwick, 
Guy Henry Champ. Thomas Sloan. 

Ishwarlal Bhogilal Damania. Sri Krishna Srivastava. 
William Gibson. Douglas Carter Stern. 

Norman Greenep. Sam Wilkinson. 


Robert Macfarlane McNaught. Lew Chai Yau. 
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Donations to the Library were announced as having been receive: 
since the last meeting from The Boswell Printing and Publishing Com 
pany, Ltd., A. Constable & Co., Ltd., The Electrician Printing aw 
Publishing Company, Ltd., W. Т. Glover & Co., Ltd., E. and F. N. 
Spon, Ltd., and Whittaker & Co., Ltd. ; and to the Museum from The 
Automatic Telephone Manufacturing Company, Ltd., A. Coleman, anc 
H. F. D. Jacob, to whom the thanks of the meeting were duly accorded. 


A lecture, with lantern slides, entitled, * Notes on ап Avalanch: 
which occurred on the Wellington (U.S.A.) Tunnel Electric Railway, 
was delivered by Mr. T. Stevens, Member. 


The meeting adjourned at 9.10 p.m. 
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DYNAMOS FOR MOTOR ROAD VEHICLE 
LIGHTING. 


By |. D. MORGAN, Associate. 


(Paper received 13th Seplember, 1911, and read before the BIRMINGHAM 
LocaL SECTION, loth Fanuary, 1912.) 


INTRODUCTION. 


During the past few years serious attention has been directed to the 
development of electric lighting systems for motor road vehicles, as it 
is widely recognised that something superior to the ordinary methods 
of oil and acetylene lighting is urgently needed. 

The problem presented is a threefold one, being concerned with 
the form and arrangement of the optical parts of the lamp, the dis- 
position of the filaments in the lamp bulbs, and the generation of 
current. In the present paper the object is to discuss briefly the 
subject of current generation, giving a short account of the most 
notable work which has recently been done, and of tests made by the 
author on machines of representative types. | 

By common consent the use of a battery alone for providing 
current is unsuitable, and a dynamo 15 essential. The construction of 
a suitable dynamo presents peculiar difficulties, and the crux of the 
lighting problem is connected mainly with the dynamo. 

The principal conditions to be complied with are: (a) That the 
dynamo must be capable of maintaining a practically constant voltage 
over a wide range of speed variation and under different loads ; and 
(Б) if voltage variations are unavoidable, the amount of variation must 
not seriously affect the brightness of the lamps. Regarding the first 
condition, it is usual to arrange for the dynamo to supply current at the 
normal voltage when the vehicle is moving at the rate of from то to 15 
miles per hour, and to maintain the voltage constant, or as nearly con- 
stant as possible, at all superior speeds, which may reach о to бо miles 
per hour. When the vehicle is at rest or travelling below 10 miles per 
hour the current is supplied entircly or for the greater part by a battery 
arranged in parallel with the dynamo circuit. Regarding the second 
condition, it is known that in metal filament lamps a small increase 
above the normal voltage is attended by a relatively large increase of 
brightness. The results of an experiment on a 4-volt lamp are shown 

VoL. 48. 49 
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in Fig. 1. It will be seen that an increase of the voltage from 4 to 5 
caused the candle-power to increase from 3:6 to 8. The curve is not 
intended to provide an absolute measure of the candle-power produced 
under a given voltage, but to indicate the kind of change which is 
experienced. In the experiment two identical lamps designed to pro- 
duce 4 c.p. at 4 volts were used. One was 
supplied with current at constant voltage 
and the other with current at different volt- 
ages, and the two were compared bya simple 
photometer. Variation of brightness with 
variation of voltage differs considerably in 
different lamps, but in all the samples tried 
the variation was found to be large. In an 
experiment by Mr. G. A. Shakespeare at the 
Birmingham University an increase of from 
8 to 88 volts in an 8-volt lamp caused an 
increase of candle-power from 144 to 26.* 

Many proposals and attempts have been 
made to construct dynamos complying with 
the above conditions,+ but in the present 
paper only a few leading representative 
types which have actually been reduced to 
practice are considered. 

In passing it may bc well briefly tc 
anticipate a familiar criticism that there is 
little or nothing new in the problem of the 
dynamo for motor road vehicle lighting, as 
it is strictly analogous to that of the dynamo for train lighting, 
upon which a large amount of valuable work has been done, and that 
what is suitable for the one is also suitable for the other. То some 
extent this is so, but the task before the manufacturer of motor vehicle 
dynamos presents peculiar obstacles in that simplicity, compactness, 
and reliability must be obtained in a much higher degree than is 
essential for train lighting where skilled supervision is constantly 
exercised. 


ELECTRICALLY REGULATED DYNAMOS. 


A method of regulation which forms the basis of several known 
types of electrically regulated machines consists in the use of a 
separate counter-exciting dynamo adapted to diminish the excitation 
of the principal machine in such a manner that the field of the prin- 
cipal machine varies inversely as the speed. This device is obviously 
objectionable on account of the duplication involved. 

Several attempts have been made to construct machines in which 
a series compensating winding is used, the idea being to diminish the 


* Marks and Clerk, “ Electric Lighting for Motor Cars,” p. 80; Appendix by G A. 


Shakespeare, 1911. 
+ Ibid., Chapters I. to IV. 
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strength of the field progressively by the current in such winding after 
the normal voltage has been reached. Obviously a constant voltage 
cannot be obtained, but what is aimed at is to keep the voltage varia- 
tion within practical limits over a given range of specd variation. A 
machine embodying this principle for road vehicle lighting is produced 
by Messrs. Bleriot, Ltd., and is illustrated diagrammatically in Fig. 2. 
The arrangement differs from the more familiar devices of this type in 
that the shunt winding a is connected across the external circuit, and 
the current leaving the armature passes through the series winding b 
before reaching the shunt winding. A centrifugal switch at c closes the 
external circuit when a certain speed is attained. Usually the arrange- 
ment is identical with that of an ordinary compound-wound dynamo, 
excepting that the series winding acts in opposition to the shunt 
winding. Ву the Bleriot method a much larger voltage variation can 
be produced at the brushes than is experienced in the external circuit, 


ШІ 


FIG. 2. 


and the current through the shunt winding is subject to smaller fluctua- 
tions than it would be if connected across the brushes. Consequently 
a greater compensating effect can be obtained from the scries winding 
than would otherwise be possible. A representative result selected 
from a large number of tests made upon a Bleriot machine is shown in 
Fig. 3. The machine was intended to supply lamps consuming about 
12 amperes at 12 volts, but was designed to give out as much as 25 
amperes. In the experiments the battery used was a set of six Fors 
cells of 50 ampere-hours capacity (a size commonly used in motor-car 
practice). The range of speed variation over which the machine 
appeared to be useful was not as large as might be desired. It will be 
observed that between the speeds of 1,600 to 4,000 revs. per minute the 
voltage rose from 1075 to 1375 and the current increased from 6 to 18. 
Over the same range of speed variation the voltage at the brushes rose 
from 11:5 to 1675. The increasing difference between the two voltage 
curves illustrates clearly the usefulness of the arrangement of the 
windings in the Bleriot machine for regulation purposes. If the shunt 
winding had been connected across the brushes the two curves would 
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probably have been nearly parallel and a larger variation of voltag 
would have becn experienced in the external circuit. 

As a result of the test it may be urged that the performance of the 
Bleriot machine was not satisfactory. But it is possible that witt 
a larger battery or a machine designed to give a smaller output at the 
same voltage better regulation would have been obtained. Wher 
determining the output of machines of this type makers generali 
appear to be faced by the difficulty that if the size of the machin 
is reduced there is a danger of excessive heating, whilst if libera 
proportions are adopted the regulation is impaired. 

A further result of the test was a demonstration of the fact that the 
regulation of the machine is dependent on the condition of the battery. 


= Б 


Amps. or Volts. 


At the higher speeds the current given out is much larger than that 
consumed by the lamps, and in consequence a heavy surplus is directed 
into the battery. With the battery run down superior regulation to 
that shown in the diagram was experienced, but when the battery 
approached the fully charged condition the voltage in the external 
circuit increased without increase of speed. Thus, іп one experiment 
the voltage in the external circuit increased from 15 to 20 without any 
alteration of speed, this being due apparently to change in the con- 
dition of the battery. Obviously to get the best results the current 
given out should approximate more closely to that required by the 
lamps, and this observation applies generally to all types of machines 
It is sometimes urged as an advantage that certain machines are 
capable of giving current largely in excess of requirements. Ap 
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parently this is fallacious ; it is a disadvantage rather than ап advan- 
tage. The best results as regards steadiness of voltage are obtained 
when the maximum output does not exceed the consumption by more 
than about 2 or 3 amperes. With some batteries this figure may be 
increased, but in all cases a heavy charging current should be avoided. 

Fig. 4 illustrates the performance of the same machine under 
a smaller load. The principal observation to be made thereon is 
that the voltage variation in the external circuit is greater than before 
and, in fact, is excessive. 


21 


5 
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FIG. 4. 


One other point of importance to be noted in both cases is the 
small variation in current consumption by the lamps. Ав this point 
is of general importance it will be dealt with later. For the present 
it will only be remarked that all machines which are regulated auto- 
matically by an increase of current in some part of the system which 
is in communication with the external circuit appear to be useless 
without a battery. 

From the foregoing account of the Bleriot machine it might be 
inferred that superior regulation could be obtained by separatelv 
exciting the field windings from a battery or other source of constant 
potential, or by using permanent magnets, The author believes that 
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machines constructed with permanent magnets and a regulating serie: 
winding have been placed on the market for motor-car lighting, but 
he has not been able to obtain опе. 1 would be rather surprising to 
find that they were serviceable, for the winding must exercise 4 
demagnetising effect and in time render the magnets useless. Re- 
garding the use of a separate exciting battery, this would obviously 


FIG. 5. 


be objectionable on account of the extra battery required and the 
additional attention necessary for keeping the battery in proper 
condition. 

An exceedingly good and interesting machine of the interbrush 
type is that of Messrs. Trier & Martin, which is illustrated diagram- 
matically in Fig. 5. The machine is of two-pole shunt wound con- 


Du current 
| 
| 


2.600 4.000 4,400 > 4200 Ау» „Ө 


Speed. R.P.M 
Fic. 6. 


struction, and is provided with a pair of intermediate brushes a a 
placed midway between the ordinary main brushes b b'. The main 
and interbrushes are connected together through resistances c. lt 
will be observed that the arrangement differs from the more familiar 
Leitner arrangement in that the interbrushes are connected to the 
main brushes instead of to the ficld windings. The makers describe 
the action of the machine in their patent specification as follows : “ As 
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b is the negative and b' the positive brush, the current in the resistance 
connecting the main brush 6’ with the auxiliary brush a' will, when 
the machine is running on open circuit, flow from 5' to a’ and, in the 
resistance connecting the other pair of brushes, will flow from a to b. 
The effect of these currents, which of course also flow in the armature 
coils between Ё’ and a’, and a and b, is to strengthen the main field. 
As the load increases, an armature reaction is set up which displaces 
the axis of the field forward and by so doing reduces the current in the 
resistances c, and consequently the 
magnetic field is also reduced. When 
the axis of the magnetic field is dis- 
placed by 45°, there will be no cur- 
rent at all between the main and 
auxiliary brushes, as they will then 
be at equal potentials. А further 
displacement of the magnetic field 
due to increasing load and speed will 
cause a current to flow again between 
the main and auxiliary brushes, but 
such current will now be in the re- 
verse direction and its effect will be 
to weaken the main field instead of 
to strengthen it. Thus the output 
of the dynamo becomes self-regulat- 
ing." 

Regarding the performance of the 
machine, this is illustrated in Fig. 6. 
In the tests an 8-volt battery was 
used. The output rapidly rises until 
a speed of about 1,600 revs. per 
minute is reached. Above this speed 
the output rises very slowly and 
keeps within a practical limit. As 
with other self-regulating machines, 
a battery is essential, and the maxi- 
mum voltage and current obtained 
depends to some extent on the con- 
dition of the battery. The variations FIG. 7. 
with changes in lamp load are insig- 
nificant. In the experiment recorded, cutting out all the lamps caused 
an increase of the maximum voltage of 4 volt and a diminution of 
current of less than $ ampere. With lamps consuming 4% amperes 
the maximum current given by the machine was 8 amperes. 

Another interesting machine is the Midgley-Vandervell, or C.A.V. 
machine. This is of the type with which electrical engineers have 
been familiarised by the Rosenberg machine, depending for its self- 
regulating property upon the short-circuiting of certain armature 
windings. The principle of the C.A.V. machine is illustrated , in 


a 
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Fig. 7, where the upper view shows the connections and the 
Jower one the magnetic system alone. Two opposite pairs of poles 
a and b are united by the bodyc. The poles a are provided with shunt 
windings, whilst the poles 6 are left unwound. Current is supplied to 
the external circuit by the armature windings under the poles 5 through 
brushes d, and the armature is wound in such. а manner that the 
brushes also short circuit armature coils lying in the neighbourhood 
of the leaving edges of the poles a. The initial path of the magnetic 
flux is indicated diagrammatically by the thin dotted lines in the lower 
figure. When the current in the short-circuited coils reaches a certain 
value, the magnetism associated with them appears to break down the 
principal flux at the parts adjacent to those coils, and causes the flux 
to swing into opposite quadrants as indicated by the thick dotted lines 
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in the figure. At this stage the machine becomes self-regulating, as the 
cross-magnetisation due to the armature coils under the poles 6 
counteracts the principal flux and so progressively weakens the field as 
the speed increases. This action proceeds to a limit beyond which 
under a given load the voltage and current are constant at all 
speeds. 

The above explanation is based upon information contained in the 
inventors' patent specification, but whilst apparently satisfactory as a 
general guide to the action of the machine, it does not appear to be 
complete, for long before a marked change occurs in the disposition of 
the flux, current is supplied to the external circuit, which suggests 
that the two dispositions of flux shown in the figure exist concurrentlv 
at all speeds. 

The behaviour of a machine in practice is shown by the diagram in 
Fig, 8, which is representative of a large number of tests with the 
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machine coupled to a battery and lamps as in service conditions. It 
will be observed that when the maximum voltage is reached it re- 
mains remarkably steady. A drop is shown in current at the higher 
speeds. This is probably due to defective brush contacts. It will be 
observed that the maximum current directed into the battery was 
1'2 amperes. With such a small charging 
current a practically uniform condition is 
maintained in the battery, and the latter is 
therefore not so likely to interfere with 
the regulation of the machine as when a j 
machine is used the output of which is nj 
largely іп excess of the demand. The lamps 12 
used in the test were two 12-volt head 
lights in parallel and three 4-volt side and 
tail lights in series. Using the head lights 
only the maximum volts increased from 13 
to 1355, and using the side and tail lights 
only, the maximum volts rose to 14. 
The C.A.V. machine also requires the 6 

use of a battery before its self-regulating 
property can be asserted. Fig. 9 is atypical й 
illustration of the action of the machine . ) 

5 

2 


Amps. or Volts. 
ч Q о 


when used without a battery. ‘his is not 
given in any spirit of adverse criticism, but 
chiefly as a matter of interest in that it 
shows, in a manner which is not evident = 
when a battery is used, the abrupt change 229 dpeed. REM 1800 
which occurs at a certain stage in the Б 

magnetic condition of the machine. No BU 

two tests give similar curves, but all show 

a marked discontinuity when about 7 or 8 volts is reached. This sug- 
gests, as has already been indicated, that the two dispositions of the 
magnetic flux exist concurrently at all times and in a manner which 
is not susceptible to direct control. 

Referring again to the inability of the self-regulating machines 
here discussed to operate without a battery, it will be observed that in 
each case a rapid increase of current and a comparatively slow 
increase of voltage is obtained during the slower speeds of the 
machines. Without this, self-regulation cannot be obtained, for it is 
upon ihe production of a large increase of current with a comparatively 
small increase of voltage that the machines depend for their action. 
It follows, therefore, that if the required variations of current with 
changes of potential cannot be obtained, the machines lose their 
characteristic. In each case the'regulating current flows іп a circuit 
which is in communication with the external circuit, and unless a 
large increase of current can be discharged into the external circuit 
with increase of voltage, insufficient current is obtained in the regu- 
lating circuit, and in consequence the voltage of the machine riscs 
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rapidly with increase of speed. This is what is experienced when 
lamps only are provided in the external circuit. It is found that 
owing to the variable resistance of metal filament lamps an increase of 
voltage at the lamp terminals is not attended with a proportionately 
equal increase of current. Generally speaking, in all.the lamps tested 
by the author, a тоо per cent. increase of voltage is attended by 
only a 50 per cent. increase of current (these figures being an average 
approximation). ‘Therefore in a group of lamps using 5 amperes at 
12 volts, an increase of volts to 14 (which, though common in practice, 
is excessive) is attended by an increase of current of only оға of an 
ampere. But when a battery is used such an increase of voltage is 
attended by a proportionately larger increase of current passing through 
and from the machine, and in consequence self-regulation can be 
obtained. This fact is of great importance, inasmuch as it makes 
the battery an indispensable part of the equipment. At present this is 
of little consequence, but if, as some engineers think, it should 


FIG. 10. 


cventually be considered necessary to dispense with the battery, then 
machines of the type above described would be useless. The practical 
conclusion is, therefore, that in self-regulating machines depending for 
their action upon an increase of current, either they must be adapted 
to operate with a very slight increase or they must be so designed 
that a heavy regulating current can be produced in some part of 
the machine which is quite independent of thc external circuit. 
Another interesting self-regulating system is that of Grob, shown in 
Fig. 10. The machine a is separately excited by a battery 6, and the 
field windings c are connected between the positive poles of the battery 
and machine respectively. With increase of voltage across the brushes 
the difference of potential at the ends of the windings diminishes, and 
in consequence the strength of the field diminishes. This action 
rapidly proceeds to a limit above which the voltage and output of the 
machine under a given load remains fairly constant at all speeds. The 
system appears to be capable of giving good results, but it possesses 
the serious disadvantage that a battery of twice the normal size must 
be carried in order that one-half may be charged whilst the other half 
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is in service. Further, the permanent or residual magnetism of the 
machine seems to prevent a perfectly steady voltage from being 
obtained. 


MECHANICALLY REGULATED DYNAMOS. 


Mechanicallv regulated dynamos depend for their action upon some 
moving part. A number of different methods of mechanical regula- 
tion are known. Whilst only one or two are of any practical value for 
road vehicle service, a few of the more familiar methods are here men- 
tioned as objects of interest. In one machine the armature is moved 
axially by a governor, so that the number of lines cut by the arma- 
ture winding varies practically inversely as the speed. In another 
machine the air-gap is widened or contracted, cither by the use of 
governor-controlled hinged pole-pieces, or by a conically shaped arma- 
ture which moves axially under the action of a governor between coni- 
cally shaped pole-pieces. Sliding masses of iron for varying the flux 
through the pole-pieces have also been proposed. The idea of shifting 
the brushes automatically seems to have been popular with inventors, 
and a machine embodying the equivalent idea of swinging the machine 
relatively to fixed brushes has been notified in the press, if not actually 
put on the market. A very common method of regulation consists in 
the use of a field regulator actuated Бу a governor. This is undoubtedly 
a simple and practical procedure, having one or two possible advan- 
tages in its favour, but the difficulty appears to reside in the produc- 
tion of a sufficiently simple regulator capable of withstanding the 
conditions experienced on the roads. Inventors working in this direc- 
tion usually favour a combination of a governor and a switch arm, but 
obviously this is too complicated and not so good as other devices in 
which a governor is used for performing a different function. For 
example, the combination of a governor and a slipping clutch gives ex- 
cellent results and is very simple, as will be shown hereafter. Ifa 
field regulator is to be successful, it must show advantages over the 
slipping clutch, and in consequence some means other than a governor 
appears to be required for its operation. For this purpose a fixed 
and moving coil system might be used in conjunction with an arrange- 
ment of windings whereby a change of current causes the switch arm 
to take up a new position. The difficulty lies in making such a device 
sufficiently sensitive without sacrificing durability and immunity from 
road shocks and vibrations. The electrical condition which a field 
regulator must comply with is very simple if the dynamo is worked 
well in the region of magnetic saturation, and is one which can readily 
be followed in an automatic regulator. Fig. 11 shows the relation 
between speed and total resistance in the field-winding circuit over a 
fairly wide range in the particular shunt-wound machine upon which 
the experiment was made. Doubtless by appropriate modification of 
design the range could be much increased. Further, any slight depar- 
ture from the straight line could readily be allowed for in the arrange- 
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ment of the regulator coils. In the experiment represented in Fig. 11, 
the volts remained consistently at 12, whilst the amperes increased 
from 4:5 at the lower speed to 6 amperes at the higher speed. 

The most important of mechanical devices hitherto produced for 
regulation purposes are those depending upon a slipping drive. These 
are divisible into two classes, which are characterised respectively by 
constant torque and constant speed. Engineers have long been familiar 
with a notable instance of constant torque in the Stone machines, which 
employ a slipping belt. In view of the extensive use and excellent 
service of these for railway-train lighting, it is natural to consider 
whether they are equally applicable to motor-car lighting. Appar- 
ently they are not. In the first place, it is generally expected that as 
soon as electric lighting on motor vehicles becomes extensively 
adopted, provision will be made by builders for direct connection of 


1000 1,400 1800 2200. 2600 3000 
5рееа.К.РМ. 


Fic. ІІ. 


the dynamo to the engine, as for the magneto. This would at once 
make the use of a belt inconvenient, if not impracticable. In the 
second place, a constant torque device is wrong in principle for motor- 
car lighting. No doubt tolerably good results could be obtained, but 
development could never reach perfection on account of the inherent 
unsuitability of the device for this particular service. The problem 
before the designer is to kecp the voltage at the lamps as constant as 
possible. Assuming that a constant torque mechanism is adjusted to 
slip under full load at a given speed, then if the load be reduced con- 
siderably, the speed of the dynamo will at once increase, and this will 
result in increase of voltage, which, although it may be prevented by a 
suitably proportioned battery from becoming excessive, can never be 
avoided. In motor-car practice it is common to arrange the side and 
tail lights in series under the control of one switch, and the head lights 
(if two are used) in parallel under the control of another switch. To 
cut out either set of lamps causes a big difference in the lamp load, 
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and is, in consequence, attended by an increase of speed in the 
dynamo and of brightness in the remaining lamps. It may be urged 
that variations at the lamps can be kept within practical limits, especi- 
ally when a battery is used, but the point which it is here desired 
to emphasise is that the constant-torque device must always be im- 
perfect for motor-car service. 

As regards constant speed devices, these usually consist of a 
governor-controlled clutch. An exceedingly good form is one con- 
structed by Messrs. Joscph Lucas, Ltd. Fig. 12 shows a section of the 
clutch. A driving pulley а is arranged to run freely on the armature 
shaft 5 and is shaped at one end to contain a number of free governor 
balls с. The latter are supported in slots in a plate d keyed to the 
armature shaft, and are arranged to bear against the inner surface of a 
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clutch element e which whilst secured to the shaft can slide thereon. 
The inner periphery of the pulley is shaped to correspond with the 
outer coned periphery of the part e, and between the two surfaces is 
inserted a thin ring of vulcanised fibre. Springs f serve to keep thc 
clutch in action. At and below a certain speed the mechanism revolves 
as one piece, but above that speed the balls, by their centrifugal action, 
relieve the pressure due to the springs between the clutch surfaces and 
enable slipping to occur. There is no appreciable separation of the 
clutch surfaces when in action, but simply a variation of pressure. It 
will be observed that the balls are connected to the driven part and not 
the driving part of the mechanism. 

As might be expected, a jerkiness of action is a common fault in 
slipping clutches at the critical speed owing to the difference between 
static and kinetic friction, and a drop in speed is often experienced at 
the instant when slipping begins ; or, in other words, the clutch can 
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continue to accelerate the speed of the armature beyond the maximum 
speed for which the clutch is adjusted, but as soon as slipping sets їп 
the speed drops and remains tolerably constant at all superior speeds сі 
the driving pulley. Messrs. Lucas have avoided this defect by arrang- 
ing for ample lubrication of the clutch surfaces so that they are always 
separated by a thin film of oil. By this provision the instant at which 
slipping occurs becomes practically imperceptible, and an extremely 
smooth action is obtained. Fig. 13 illustrates the results of a series of 
tests made on a Lucas dynamo fitted with a clutch of the type above 
described. It will be observed that the maximum output remained 
perfectly steady. With variation of load an increase of the maximum 
dynamo speed was obtained and a consequent increase of voltage. 
When supplying current (3:8 amperes) to two 12-volt head lights апа 
three 4-volt side and tail lights the maximum voltage was 13. On 
cutting out the side and tail lights the voltage increased to 13°6, whilst 
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FIG. 13. 


on cutting out the head lights (Icaving the others in service) the voltage 
rose to 14. The variation is not serious, but it serves to show that 
in some degree the governor-controlled clutch possesses the same 
characteristic as the constant-torque clutch. This difference must 
be observed however, namely, that by increasing the sensitiveness the 
speed variation under varying loads can be made much smaller in the 
governor-controlled clutch than in the constant-torque clutch. It is 
doubtful, however, whether anything is to be gained bv developing the 
mechanism beyond a certain point, seeing that, cven with a perfect 
mechanism, it is practically impossible completely to avoid variations of 
voltage with variations of load owing to conditions existing in the 
dynamo and battery. Such results as those obtained in the tests 
referred to are sufficiently good for practical purposes. Ав with other 
machines, the Lucas dynamo is arranged to work in conjunction witha 
batterv, supplying into the latter about 2 amperes when the maximum 


1912. | VEHICLE LIGHTING: DISCUSSION. 763 


output is reached. When the clutch is adjusted to suit the particular 
lamps and battery which it is required to supply, the cutting out of the 
battery involves a large (though restricted) increase of voltage in the 
lamp circuits. This 15, however, not so serious as іп the clectrically 
regulated systems described, and would not render it impossible to use 
the lights in the event of a mishap to the battery. 

Much controversy is centred at present on the relative merits of the 
mechanically and the electrically regulated machines which are capable 
of complying with service conditions, and this is likely to increase, not 
because the machines of either system are predominantly superior to 
those of the other, but because the advantages of each are fairly evenly 
balanced. It is a significant fact, however, that in spite of the enormous 
amount of work which has been done in the development of electrical 
systems of regulation for train lighting, the mechanical systems of 
regulation appear to be the most extensively used. 


BATTERIES. 


Much if not all the variation experienced in the working of the 
lighting systems above described and not due to speed variation is due 
to the battery. At different times different voltages are obtained when 
a machine is run at a given speed. If the battery is fully charged a 
higher voltage is obtained, and a lower voltage after the battery has 
been working alone for some time. Different results are also obtained 
after the battery has been standing for a considerable period, c.g., over- 
night. Where a moderate current is directed into the battery and the 
battery is sufficiently large to supply the lamps with current for a 
lehgthy interval without the dynamo, the variations are not large (from 
I to 2 volts), but sufficient to make a noticeable difference in the bright- 
ness of the lamps until normal conditions have been regained. This 
suggests, therefore, that improvements are required in the batteries. 


CONCLUSION. 


In conclusion the author desires to express his thanks to the makers 
who have placed their machines at his service, and also to Mr. Edward 
C. R. Marks for facilities generously given in carrving out the tests in 
the Marks and Clerk Laboratory at Birmingham. 


DISCUSSION. 


Mr. L. MuneHy : The author divides the subject into electrically м 


and mechanically regulated devices. Another way, which the makers 
might not adopt, is to divide them under (1) devices which destroy 
a battery, and (2) those which heat up a clutch. Many of the devices 
discussed simply provide means for waste for the surplus energy when 
the engine is running at speeds just higher than necessary for the 
generation of the voltage required by the lamps. In one case this 
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surplus energy is thrown in the battery, and in the other a clutch wastes 
energy in the form of heat. An excellent output characteristic is the 
one shown by the C.A.V. machine, of which the curve in Fig. 8 gave 
the performance. It will be noticed that in this case the generator 
output does not increase at any speed to an amount much greater than 
that required by the lamps. This calls attention in another way to the 
desirability of not designing a machine for a much greater output than 
that required by the lamps, but it does not follow that the machine 
would be small for its work, as this would, of course, result in excessive 
heating. Ido not care for the terms “constant torque” and “ constant 
speed " as applied by the author to these clutches ; a more correct way 
would be to call them “ torque-limiting " and “ speed-limiting ” clutches. 
With a true constant-speed device there would be no problem at all : 
we should simply have an ordinary shunt-wound or magneto-dynamo, 
and leave the constant-speed device todothe rest. I must take exception 
to the author’s condemnation of the magnetic machine on page 754. 
It is not necessary to design these machines in such a way that they dc- 
magnetise themselves at all in use, and if the author's statement were 
correct such machines could never have found their way to the market. 
A strong point in favour of the magneto-generator is its comparatively 
high efficiency for machines of small output. I doubt very much if anv 
of the electrically excited machines described have a full-load efficiency 
of more than 30-35 per cent., and if the output of the dynamo is, say. 
150 watts, this would mean a load of 3 H.P. on the engine. The great 
disadvantage of the magneto-generator is, of course, its weight and bulk, 
but this is probably not insuperable. 

Dr. S. P. SMITH : After listening to the author's description of the 
scveral electrical and mechanical devices that have been proposed 
or adopted for obtaining constant pressure for motor-car ligtuing, one 
is naturally led to wonder if there is not some simpler method of 
solving the problem. The trouble seems to arise in thc attempt to 
drive the lighting dynamo from the main engines, the speed of which 
could not be constant. Surely some attempts must have been made to 
avoid these complicated contrivances by installing a small auxiliary set 
for lighting, quite independent of the main engines. The advantages 
of such an arrangement are at once obvious. Thus there would be 
a larger amount of freedom in the design of the dynamo and thc engine 
driving, and the set could be made to run at the most economical spred 
and efficiency. Further, the space taken up by such an auxiliary engine 
would be very small, owing to the small output required, and since 
the battery would now be superfluous (except where a reserve was 
necessary), it is possible that the auxiliary engine might be accom- 
modated in the space thus made free. The efficiency of the dynamo 
might be considerably improved by using a magneto machine, for 
the working conditions might, under these circumstances, be suit- 
able for this tvpe. It would be interesting to have the authors 
opinion on this point, and to hear what experiments have been made 
in that direction. 
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Mr. R. V. C. Brook: With regard to the Bleriot system mentioned wr. Brook. 


by the author, which, I believe, was one of the first practical sets on the 
market, the constant action of the dynamo pumping surplus current into 
the battery is very detrimental to the latter, and in a case which came 
under my notice the battery was found to bc useless after a short time. 
With reference to magneto-dynamos, which have been mentioned by 
previous speakers, I agree with them that it should be possible to 
produce a machine of this type suitable for car-lighting, which 
would be more efficient than the self-excited type, and should have 
a fairly long life, judging from the performance of the modern ignition 
magneto, which is subject to a rapid-frequency demagnetising action 
that is absent in the car-lighting magneto. "The slipping clutch, which 
the author said was quite satisfactory, seems to me to be unmechanical, 
and unless it is looked after it will give trouble owing to the rapid wear. 
I am of opinion that the problem of regulation should come under the 
electrical rather than the mechanical head, and I believe that the whole 
subject is one that large electrical manufacturers, at least in this 
country, have not gone into deeply ; but now that the motor-car is 
becoming so universal, some of our leading clectrical firms might 
take up the matter, with the result that a sound, simple, and 
efficient car-lighting set would be produced, which would do away 
with batterics and other troublesome devices. 

Mr. R. G. PoRTE : I do not agree that the battery system is unsuit- 
able, inasmuch as the dynamo has not been sufficiently tested on the 
heavier type of vehicle. Five years ago I tried a dynamo and found 
that owing to the excessive vibration to which it was subjected the 
result was not satisfactory. I therefore adopted the battery and 
installed sets in 100 of the London-type omnibuses, which in a period 
of 5 years travelled over то million miles. At present there are 
150 buses running in London with that system installed. I need 
hardly state that the batteries are properly looked after, one set being 
charged while the other set is in use, the discharged battery being 
taken off at night and a charged one put in ready for thc next day's 
work. The batteries are of Tudor make and are admirably suited 
to the work. There have been no battery breakdowns, the biggest 
trouble being lamp renewals. The points to be considered in this 
class of work are “foolproofness,” weight, maintenance, and cost of 
installation. The cost of the battery system is about one-fourth that 
of the dynamo system. Іп the latter system “foolproofness” has not 
been seriously considered, weight is increased, and the maintenance 
is, I think, quite as much; but that remains to be seen. I do not wish 
to convey that I am averse to the dynamo system, as in pleasure cars 
the system is a boon and works admirably. 

Mr. M. A. E. L. MOHARRAM: I do not think constant candle- 
power is really necessary, and consider that the varying speed of 
the car might be taken advantage of to supply illumination which 
varies as the speed. If constant illumination is required I would 
advocate mechanical coupling of the dynamo to the gear-box in such 
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a way that varying the gear also adjusted the dynamo spced to suit. 
I do not allow for fogs, which are not experienced in my country. 

Mr. E. WILLIAMSON : I notice that Mr. Morgan omits all reference 
to the permanent magnet machine without any regulating field winding, 
and should like to hear his views on the capabilities of such machines 
and whether the natural disabilities are sufficiently serious to render 
them inefficient and unserviceable. It is recognised that the output 
must vary considerably with varying speeds. Could this objection 
be sufficiently overcome by the use of extra large accumulators or 
other simple means ? 

Mr. J. D. Мовсам (in reply): With reference to Mr. Murphy's 
humorous suggestion as to the classification of dynamos, it is only 
necessary to point out that a properly designed electrically regulated 
machine does not spoil a battery, and a properly designed slipping 
clutch for mechanical regulation is not subject to serious heating. 
The suggestion to substitute the terms “ torque-limiting ” and “ speed- 
limiting" for the terms “constant torque" and “constant speed" 
devices is good and has been previously considered ; but I decided 
that it was preferable to employ terms which, though they might be 
slightly inaccurate or not very clear, are in current use amongst 
those who have to employ the terms. Regarding permanent magnet 
machines it is very hard to obtain any reliable information, and I have 
not succeeded in obtaining any machine for testing purposes. It 
appears to be generally accepted that magnets are subject to rapid 
weakening of the field, and consequently a machine which when new 
was constructed to give a certain output at a certain speed would be 
found to be unable to maintain the output after a short period of use 
on the road. It might be argued that this has not been experienced 
with magnetos for igniting purposes, but it must be pointed out that 
in those machines the maintenance of a constant output is not of 
serious importance, provided sufficient energy to produce a spark 
can be obtained, and the field can be weakened considerably without 
serious result. A slight weakening in a magneto for lighting purposes 
would probably render it quite useless. It is admitted, however, that 
magnetos provide a very attractive alternative, and if it is found that 
they are not subject to deterioration they would be very useful for car- 
lighting purposes, especially when a speed-controlling clutch was used. 
Mr. Murphy's suggestion that electrically excited machines have a full- 
load efficiency of not more than 35 per cent. is inaccurate. With 
reference to Dr. Smith's suggestion that a small auxiliary set driven 
from an independent engine might be used for motor-car lighting, this 
has already been considered in several quarters, and it is felt that 
eventually the dynamo might probably be driven by a small separate 
engine. Mr. Moharram's suggestion that a constant brightness of the 
lamps is not necessary is by no means new, for it has been more than 
once advocated as a virtue that the lamps increase in brightness with 
the speed by makers who have tried to make a properly regulated 
system and failed, A little experience of motoring at night is sufficient 
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to convince апу one that uniform brightness of the lamps is essential. 
A moment's reflection will show the impracticability of trying to get 
constant speed in a dynamo by any connection with the ordinary 
change-speed gear-box. With reference to Mr. Williamson's question 
as to whether the output from a permanent magnet machine not fitted 
with any regulating devices could be maintained sufficiently constant 
by the use of an extra large accumulator, I must say that I have not 
tried this with permanent magnet machines, but I have tried it on a 
machine excited from a battery and having an extra large accumulator 
arranged in parallel with the lighting circuit. It was found that some 
degree of regulation could be obtained in this way, but it was not 
sufficiently good for practical purposes. 
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INTRODUCTORY REMARKS. 


Although the principle of the steam turbine is very old, its applica- 
tion only dates from the introduction of electricity, which made it 
possible to transmit the power developed by turbines at unavoidably 
high speeds. This necessitated the development of generators of a 
special construction, which are known as turbo-generators, in con- 
junction with the development of steam turbines. 

In view of the intimate connection between the two machines, it is 
essential that the designers of generators should always be informed 
with regard to the requirements of the turbine designers, and of the 
future possibilities of turbine development. 

Again, electrical engineers in charge of power stations, who form 
a very large portion of the membership of the Institution, and who are 
by far the largest purchasers of turbo-electric sets, should be well 
acquainted with the points which are important for reliable running 
and economy. and should be kept informed on the main facts with 
regard to the development of the steam turbine, and the performances 
obtained on these machines. 

For these reasons, this paper, though of a purely mechanical 
character, may prove of some interest and use to electrical engineers. 


I. SUMMARY OF DEVELOPMENTS IN STEAM TURBINES UP TO 1902. 


The development of the steam turbine since the first machine was 
built by Parsons in 1884 may be divided into two periods of a more or 
less distinct character. During the earlier period, which may be 
called the invention period, new types of turbines different from those 
built previously were developed. The distinct types introduced during 
this period arc called according to the name of the inventor, Parsons, 
de Laval, Curtis, Rateau, or Zoelly turbines, and consist, with the 
exception of the de Laval turbine, of a certain number of elements 
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designed on the same principle. For this reason these types are now 
always referred to as “pure” Parsons turbines, or “pure’’ Rateau 
turbines, etc. 

The following table gives а summary of the main events during 
this first period * :— 


Parsons Turbines. 

Date. 

1884. First Parsons turbine built, ro B.H.P., running at 18,000 revs. 
per minute, driving direct-current generator. 

1888. Parsons reports before the Institution of Mechanical Engineers 
оп a turbine of бо B.H.P., running at 7,000 revs. per minute, 
and 200 B.H.P., running at 4,000 revs. per minute.] 

1895. Westinghouse Machine Company secures the licence for the 
manufacture of Parsons turbines in the United States. This 
was the first licence granted. 

1898. First Parsons machine on the market in America. 

1898. First Parsons turbine ordered for Elberfeld, Germany—two 
turbines each of 1,500 H.P., being the largest of their type 

| running up to this time. 

Igor. Brown-Boveri secures the Parsons licence for the Continent. 


de Laval Turbines. 


1883. First de Laval turbines with straight nozzles. 
1889. First de Laval turbines with divergent nozzles. 
1893. |. de Laval turbines with gears exhibited in Chicago. 


Curtis Turbines. 


1896. First Curtis patents. 

1000. General Electric Company of Connecticut takes up the build- 
ing of Curtis turbines. 

1900. First tests on steam turbines made by the A.E.G. Company. 

1904. Тһе A.E.G. Company commence the commercial manufacture 
of A. E. G.-Curtis turbines оп a large scale. 


Rateau Turbines. 


1894. First tests on steam turbine problems made by Professor 
Rateau. 

1898. First Rateau turbines built by Sautter, Harle & Co., of Paris. 

1900. First tests on Rateau steam accumulators. 

1902. First commercial use of Rateau accumulators. 


Zoelly Turbines. 


1903. First commercial Zoclly turbines tested on test-plate. 


* C. Matschoss, Die Entwicklung der Dampjmaschine, Berlin, 1908, vol. 2, p. 608. 
t Proceedings of the Institution of Mechanical Engineers, 1888, p. 480. 
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II. DEVELOPMENT OF THE DIFFERENT STEAM TURBINE TYPES 
SINCE 1902. 


During the second period, which may be called the development 
period, the design of the steam turbine has been perfected on the basis 
of the experience gained on the existing turbines and of experimental 
research work founded on the theory of steam turbines. This was 
made possible to a very great extent by the fundamental work of 
Professor Stodola, whose book on steam turbines, of which the fourth 
edition was issued last year, must be considered as the standard book 
of the design of steam turbines. This book originated in a paper read 
by Professor Stodola before the Verein Deutscher Ingenieure at Dussel- 
dorf in 1902,* which date may be taken as the beginning of the second 
period of turbine development. 


m poy 


 —— Ш. ——————— — eo. 


ic. r. —Parsons Turbine. 


During this period not only were great improvements made in the 
design of the various pure types, referred to above, but further advan- 
tages were gained by combining these types in such a manner as to 
obtain the best results, both with regard to reliability, efhciency, and 
cost. 

In order to follow this development clearly, it is necessary to con- 
sider the advantages and disadvantages of the different types. These 
are dealt with below in the following order :— 


I. Parsons turbine. 
2. Curtis turbine. 
3. Rateau and Zoelly turbincs. 


The de Laval turbine has been excluded from the descriptions, as 
owing to its design it can only be used for small powers, and it has been 
developed to the highest degree of perfection by the inventor, de Laval 


е Zeitschrift des Vereines deutscher Ingenieure, vol. 47. p. 1, 1903. 
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himself. de Laval’s work in this connection, in overcoming difficultics 
of an absolutely novel character, which involved the origination of 
quite new methods, has proved him to be опе of the master minds 
in engineering. 

1. Development of the Parsons Turbine.— The Parsons turbine (Fig. т) is 
a multi-stage reaction turbine of the drum type, running at a moderate 
peripheral velocity. The fact that until very recently it has been built 
upon exactly the same principles as the first turbine in 1884, and that it 
has competed very successfully even with the newest types, reflects the 
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Fic. 2.—Westinghouse Double-flow Turbine (Patent Drawing, 1904). 


greatest credit on its inventor, to whom, as the originator of steam 
turbines, we all pay our tribute. 

The pure Parsons turbine has the great advantage of a moderate 
peripheral velocity which allows a very simple design of fixing the 
blading. This, in addition to the relatively small drum and cylinder 
diameters, enables this type of turbine to be manufactured at a 
considerably lower cost than steam turbines with discs and dia- 
phragms. 

One of the main disadvantages of the Parsons turbine is that the high- 
pressure part of the cylinder is subjected to the highest steam pressure 
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and superheat, which becomes more accentuated by the necessity of small 
clearances in that part and by the growth of cast iron after repeated 
heating.“ А further disadvantage is the use of balance pistons with 
very small clearances. 

The first attempts to overcome these difficulties were made by 
George Westinghouse,] who replaced the high-pressure stages by а 
Curtis wheel and overcame the difficulty of the balance piston by using 
the double-flow arrangement, which had already been used by Parsons 
on his first turbine in 1884. Fig. 2 gives Westinghouse’s patent 
drawing.1 

This arrangement, which practically means the use of two separate 
turbines, is too expensive for small units and is therefore only applied 
for large outputs. The duplication of the velocity wheel, shown in the 


ОЕ, rm ~ Exhaust 


FIG. 3A. 


drawing, is of course not necessary, as the pressure in front and after 
the wheel is the same, and a special arrangement for balancing this 
part is therefore unnecessary. A modern design of such a turbine is 
shown in Figs. 3 and 3A, which represent a section and a view of a 
15,000-k.w. inaximum-rated double-flow turbine, running at 1,800 revs. 
per minute, which was supplicd to the City Electric Company, San 
Francisco, іп 1009. 

For smaller outputs, the American апа British Westinghouse Com- 
panies developed in 1906 the type shown in Fig. 4, which may be 
called a combined disc and drum single-flow double-flow turbine. The 
high-pressure part consists of one velocity wheel and one Parsons 
drum, and the low-pressure part consists of two drums through which 

* See Professor Carpenter's investigations on this subject. 

t Power, 1904, р. 205. 


+ Swiss Patent Хо. 28506, also United States Patent No, 787485, patent applied 
for 1903, patented 1905. 
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the steam is flowing in opposite directions. This arrangement necessi- 
tates, however, a dummy piston in the centre of the turbine, and 
therefore cannot be considered as a very perfect solution of the 
problem. 

For small outputs, where a double-flow turbine is too expensive, the 
British Westinghouse Company developed in the year 1005 a type 
shown in Fig. 5, which is known as the single-tlow disc and drum tur- 
bine, consisting of one Curtis wheel in the high-pressure part of the 
turbine and a Parsons drum of uniform diameter in the low-pressure 
part with corresponding balance piston on the high-pressure end. 

One of the first firms to replace the high-pressure part of the Par- 
sons turbine by velocity wheels was Messrs. Sulzer Bros. The first 
turbine manufactured in 1904 * (Fig. 6) consisted of two Curtis wheels 


T J 
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Fic. 4.—Coinhined Disc and Drum Single-flow Double-flow Turbine. 
Westinghouse Company's, 19006. 


in the high-pressure part and two single-flow Parsons drums. The 
difficulty with regard to the balance piston was overcome by causing 
the steam to flow through the medium-pressure Parsons drum, in the 
opposite direction to that through the low-pressure drum. This 
arrangement necessitates diaphragms with glands in the centre of the 
turbine and a passage in the cylinder to pass the steam from one end of 
the turbine back to the centre of the turbine. 

For the newer design (Fig. 7), the straight single-flow type + has been 
used, with one velocity wheel with three rows of blades in the high- 
pressure part in order to reduce the pressure in the turbine as much as 
possible (to about 1°5 atmosphere absolute) and three single-flow 
Parsons drums with increasing diameter towards the low-pressure end 
of the turbine. The thrust of the Parsons drum is balanced by an 
automatic oil piston in connection with a thrust bearing, which forms 


"А. Stodola, “Steam Turbines,” зга ed., p. 313. 
1 Ibid., 4th ed., p. 468. 
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of their newest designs is the governing of the turbine by oil pressure 
at the discharge side of a centrifugal pump, without thc use of a 


one of the greatest novelties in steam turbine design. 
mechanical governor.* 
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The attitude of the various firms building the “ pure” Parsons tur- 
bines towards the development of the combined Curtis-Parsons type 
was followed with the greatest interest in engineering circles. 


А. Stodola, Zeitschrift des Vereines deutscher. Ingenieure, vol. 5 
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report of tests which had been made оп a combined turbine of 
1,000 k.w. at 3,000 revs. per minute manufactured by Brown-Boveri, 
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was given by Dr. Е. Maguerre іп August, 1908,* the result of which 
was summed up as follows: “There are cases where a combined 


* Zeitschrift des Vereines deutscher Ingenieure, vol. 52, p. 1346, 1908. 
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turbine may be of great interest, but in most of the cases the pure 
Parsons turbine will be superior to the combined turbine with regard 
to steam consumption and reliability, but not with regard to space 
required, which condition is, however, of little importance.” | 

Dr. Maguerre claimed that а pure Parsons turbine for that output 
would be much more efficient, and that a combined Curtis-Parsons tur- 
bine would only be equal to a pure Parsons turbine for normal outputs 
below 500 k.w., but that disadvantages with regard to wearing and 
pitting of the blades would not justify the application of the combined 
type. 

A few months afterwards it was common knowledge that Brown- 
Boveri had taken up the manufacture of the combined type for smaller 
outputs. Their design is shown in Fig. 8, which at the present time is 
made by nearly all manufacturers of Parsons turbines and for all 
outputs. | 

This fact can only show that the improvements made in the later 
designs of the Curtis wheel justified its use, and the competition with 
other firms forced the manufacturers of pure Parsons turbines to adopt 
it. The new design, shown in Fig. 8, still retains the use of the balance 
piston, which, however, becomes much simpler than that on pure Par- 
sons turbines, when used according to Fullagar’s patents. The balance 
piston must, however, still be considered as the weak point of the tur- 
bine, and the future will have to decide which of the two methods of 
balancing is superior—by dummy pistons, or by oil pistons as proposed 
by Sulzer Bros. 

2. Development of the Curtis Turbine.—The first Curtis patents, dated 
1896, refer to turbines of the impulse type consisting of a number of 
single Laval wheels arranged in series. Curtis did not consider this 
arrangement to be the best means of reducing the speed of a steam 
turbine, and he therefore introduced with success the velocity stages 
which were already described in English Patent No. 144, dated 1858, by 
John and Ezra Harthan.* The pressure stages were reduced and the 
correspondingly high steam velocity utilised in wheels with several 
rows of blades on the velocity stage principle. These wheels are known 
as Curtis wheels or velocity wheels. 

The first turbines, built by the General Electric Company of Schenec- 
tady, who secured the licence for the Curtis patents, consisted of only 
two pressure stages and two wheels each with four rows of blades; 
afterwards these were changed, on account of poor efficiency, to four 
pressure stages and four wheels, each with only two rows of blades 
(Fig.9). The General Electric Company always built their turbines with 
vertical shaft, in order to reduce the floor space required. The steam 
entered the turbine at the top end through nozzles to which the steam 
was admitted by separately controlled valves opened one after the other 
according tothe load. The General Electric Company were the origi- 
nators of the nozzle controlled turbines. 

In order to understand clearly the further development, it is neces- 

* А. Stodola, “Steam Turbine,” 4th ed., p. 637. 
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Fic. 9.— Vertical Curtis Turbine (about 1902). 
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sary to compare the efficiencies which can be obtained with the Curtis 
wheels, having two or three rows of blades, with those obtainable with 
single wheels of the de Laval type. 
Let— 
и == mean peripheral velocity of blades. 
с = steam velocity cor kesponaie t to pressure drop. 
n = blading efficiency. 


If steam is admitted to a wheel with one row of blades at a certain 
velocity с and the wheel is revolving at different speeds и, calculation 
shows that the efficiency is at a maximum for a certain peripheral velo- 
city, which is given by the ratio :— 


u peripheral velocity 
c — steam velocity 


For any other ratios Ы the efficiency will be smaller and changes 


according to curve A, Fig. 10, which is of a parabolic nature. It will be 
zero when и == о, а$ in this case no work can be done, and also when 
u — c, asin this case the torque will be very small. 


; ' . и а 
The actual maximum efficiency апа the ratio » at which it is 


obtained depends mainly on the inlet angle and the ventilation losses of 
the wheel. Curve A in Fig. 10 represents a fair average of test results 
. actually being obtained in the low-pressure part of modern Rateau 
turbines. The maximum efficiency according to this curve is :— 


80 per cent. for ^ ео 46. 


The average efficiency of high-pressure and low-pressure wheels of а 
Rateau turbine, designed for maximum efficiency, will be about 77 per 
cent., allowing for increased friction and leakage losses in the high- 
pressure part of the turbine. 

For velocity wheels with two rows of moving blades the efficiency 
changes in quite a similar manner, the only difference being that 


the maximum efficiency is reached for _ =} approximately. The 
efficiencies which can be obtained are given by curve В in Fig. то, 
which shows a maximum efficiency of 67°5 per cent. at - = 0'23. 
For velocity wheels with three, four, or five rows of blades the 
maximum efficiency is obtained for : less than 4, $, тв respectively. 


Of these, however, only the velocity wheel with three rows of blades 
is of practical importance. The actual efficiencies obtainable are given 
by curve С, Fig. ro, which shows a maximum efficiency of only 52:5 per 


cent. for -= — 0'133. The efficiencies of velocity wheels with more 


VoL. 48. 51 
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than three rows are still worse, and they are therefore not used except 
in cases of marine turbines. 

According to diagram Fig. то, it is obvious that with different 
wheels of the same diameter, running at the same peripheral velocity, 
the wheel which has two rows of blades will be able to utilise, at its 
best efficiency, a steam velocity twice as high as that for a wheel with 
one row of blades; a wheel with three rows of blades will utilise a 
velocity about 3:46 times as high as that for which the efficiency 
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Fic. 10.—Efficiencies of Rateau and Curtis Wheels. 


of a wheel with a single row is a maximum. As the heat energy 
increases with the square of the steam velocity, this means that tur- 
bines designed to utilise the same heat drop with the best efficiency 
obtainable with the different kind of wheels must have— 
1 wheel with 3 rows of blades, maximum efficiency being 
52°5 per cent ; or— 
3 wheels with 2 rows of blades, maximum efficiency being 
675 per cent; or— 
12 wheels with 1 row of blades, maximum efficiency being 
77 per cent. 
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! à 

When the A.E.G. Company took up the building of Curtis turbines 
they had to consider these facts, as it was of the greatest importance 
to them to have a turbine able to compete in economy with the Parsons 
turbines, which latter turbines up to the year 1905 undoubtedly held 
the field. 

The higher cost of coal in Germany, as compared with America, 
necessitated the use of more economical turbines than the pure Curtis 
machines built in America by the General Electric Company. 

The pure Curtis turbine has the great advantage of small pressures 
and low temperatures in the turbine casing, due to the relatively great 
expansion through the first nozzles, an advantage which the designer 
of a Continental Curtis turbine could not dispense with. The Curtis 
wheels in the low-pressure end, which, according to the table given 
above, cannot give as good efficiencies as single wheels, were replaced 
by the more expensive Rateau wheels, in order to obtain a turbine with 
a competitive efficiency. | 

The result was the turbine shown in Fig. 11, of which the first 
reports were given by O. Lasche in a paper read before the annual 
meeting of the Verein deutscher Ingenieure in 1906.* 

The turbine is, in addition, built with a horizontal shaft which very 
recently has also been adopted by the General Electric Company in 
America. Though at first sight it is differently built from the pure 

Curtis turbine, there is still quite a noticeable resemblance to the 
original machine in some of the parts which are peculiar to the A.E.G. 
turbines. 

The predominating part is still the velocity wheel, which is made 
of a larger diameter than the Rateau wheel in order to reduce the 
pressure in the turbine casing as much as possible. The cylinder 
is divided at the high-pressure end of the turbine by a vertical joint. 
The high-pressure end cover is generally made of cast steel and in one 
piece, in the same manner as the original Curtis turbine. This is 
obviously necessary because the high-pressure pedestals are fixed 
on this cover ; if this cover were made in halves unsymmetrical deflec- 
tion of the cover would occur, and this would throw the bearing out 
of line. The design of the diaphragms is also similar to that of the 
original Curtis turbine. They are made in one piece, and must be 
assembled on the shaft at the same time as the wheels. This arrange- 
ment makes erection rather difficult and reduces the accessibility of 
the shaft to a great extent. 

Another feature of the A.E.G. turbine is the arrangement of the 
turbine and generator shafts and the bearings, known as the three- 
bearing design, which is also identical with the design of the Curtis 
turbine. One of the first turbines of this design, of 3,000-k.w. normal 
output, running at 1,500 revs. per minute, installed at Moabit in Berlin, 
was reported in March, 1907,] to use only 12:8 Ibs. of steam per kilo- 
watt-hour, and a similar turbine of 4,000-k.w. normal output at 


* Zeilschrift des Vereines deutscher Ingenieure, vol. 52, p. 1289, 1908. 
+ О. Lasche, Zeitschrift des Vereines deutscher Ingenieure, vol. 51, p. 385, 1907 


"84 BAUMANN: RECENT DEVELOPMENTS IN [16th fan. 


1,500 revs. per minute, installed at Rummelsburg, near Berlin, was 
reported in April, 1909,* to have a steam consumption of only 11°7- 
II'95 lbs. per hour. Both figures were the lowest figures recorded 
at the respective times. 

3. Development of Rateau and Zoelly Turbines——The principle of the 
Rateau or Zoelly turbine is very old. In 1827 Real and Pichon took 
out French patents for a similar turbine with 31 whcels.] Another 
patent for a similar turbine was taken out in England in 1876 bv 
Edwards as a communication from James Mourhouse, of Petersburg 
(Patent No. 2068/1876). 'l'his turbine was also of the impulse tvpe, 
and was provided with 25 wheels. The drawing showed already 
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Fic. 11.—A.E.G. Turbine, 1906. 


increasing area through the nozzles, in order to allow for the increased 
volume due to the expansion of the steam. 

The credit for the further development of this type must, however, 
be given to Professor Rateau. Тһе first turbine whici was built 
by Professor Rateau in 1898, in conjunction with the engineering 
firm of Sautter Harle & Co., of Paris, consisted of only one wheel 
running at a very high peripheral velocity. This design, however, was 
found to be too expensive, and the next turbine was made as a multi- 
stage turbine, which consisted of a series of discs rotating between 
diaphragms, in accordance with Professor Ratcau's patents (English 


* О. Lasche, Zeitschrift des Vereines deutscher Ingenieure, vol. 53, p, 684, 1909. 
t See Hofweber, Zeitschrift des Vereines deutscher Ingenieure, vol. §1, p. 1318, 1927. 
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Patent 24204/1898). Опе of the first turbines of this type actually 
built consisted of 25 wheels in two casings shown іп Fig. 12. The 
peripheral velocity was kept rather low, in order that built-up wheels 
consisting of boiler plates riveted to a boss on the shaft could be 
used, which at that time were cheaper than forged wheels. Soon after- 
wards this type of turbine was made with a smaller number of wheels 
in one casing by the Engineering Works, Oerlikon (Fig. 13). 

The Zoelly turbine, of which the first machine was made in 1903, 
was similar to the Rateau turbine, the only exception being that the 
number of wheels were considerably reduced. The wheels were made . 
out of forged steel, and this enabled the designers of the Zoelly turbines 
to increase the peripheral speed considerably, and at the same time to 
decrease the number of wheels. The first Zoelly turbine (Fig. 14) con- 
sisted of 12 wheels in two casings, in a similar manner to the Rateau 
turbine shown in Fig. 12. The patents of Zoelly refer to a particular 
method of fixing the blades on a rotating disc. Another peculiarity of 
the first Zoelly turbines was the open blade without shrouding. The 
reduction in the number of wheels was proved to be a great advantage, 
and this, together with the care exercised in the design of the detail 
parts which were partly taken from the water turbines—e.g., the governor 
with oil relay—caused a very rapid commercial development of the 
Zoelly turbine. 

The design in which two casings were used was soon abandoned 
for one with a single casing. A turbine of this type, made in 1907 for 
the Elektrizitatswerk, in Kubel, near St. Gall, is shown in Fig. 15. 

Both Zoelly and Rateau used smaller diameters for the high- 
pressure wheels and large diameters for the low-pressure wheels, 
in order to keep the disc friction and ventilation losses of the high- 
pressure wheels as small as possible. On the other hand, this increased 
the number of stages, and consequently lengthened the turbine— 
it further involved the introduction of high pressures and high 
temperatures in the turbine casing, the danger of which was not fully 
realised at that time. It was also usual on these turbines to have the 
shaft running above the critical speed, so that when starting up, the 
turbine had to pass through the first critical speed. The experience 
gained in the running of this design. of turbine emphasised these dis- 
advantages, and forced the builders of the Rateau and Zoelly turbines 
to change their designs and adopt the same diameter of wheel all 
through the turbine in order to reduce their number and to shorten 
the machine. In addition, the pressure drop through the first nozzles 
was increased in order to decrease the pressure and temperature in 
the turbine casing. The sacrifice in the efficiency of the high-pressure 
wheels was balanced as far as possible by the improved efficiency 
obtained on the low-pressure wheels. These alterations were made 
at the same time by Zoelly and Rateau in 1908, and proved to be a 
great advance. 

The new Zoelly turbine is shown in Fig. 16, and a Rateau turbine іп 
Fig. 17. It will be noted that in principle there is no great difference 
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between the Zoelly turbine and the Rateau turbine. In the meantime, 
owing to the rapid development of the disc turbines, the steel manu- 
facturers had obtained great experience in the making of discs, and 
this enabled them to reduce the cost considerably. This caused Pro- 
fessor Rateau to revert to the forged discs originally used, and this 
enabled him to increase the peripheral velocity of the blades. Open 
blades as used on the first Zoelly turbines were abandoned for the newer 
design with shrouding, which increased the efficiency considerably. 

It was obvious that by replacing the first single wheels bv a velocity 
wheel, the pressures and temperatures could still further be decreased. 
The Maschinenfabrik Augsburg-Nürnberg was the first of the Zoelly 
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Fic. 16.—Modern Zoelly Turbine, 1908. 


turbine builders to replace the high-pressure wheels by a velocity 
wheel (1909), as a result of extensive tests on velocity wheels and 
also on combined turbines. These tests showed that the efficiency of 
a correctly designed velocity wheel compared very favourably with 
the efficiency obtainable with the first Rateau high-pressure wheels of 
the new design. 

When the British Westinghouse Company commenced іп 1908 
the building of Rateau turbines, it had the benefit of experience 
gained in the building of Parsons turbines, which had resulted in 
the use of velocity stages in the high-pressure end. One of the first 
Rateau turbines built by the Westinghouse Company is shown in 
Fig. 18, which represents a section of a 5,000-k.w. turbine running at only 
750 revs. per minute, supplied to the London County Council power 
station, Greenwich. This turbine, on account of the very low speed, 
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had to be provided with 24 wheels. Тһе type of Rateau turbines 
built since 1000 is shown іп Fig. 19.* Тһе steam is admitted to the 
velocity wheel through nozzles fixed to nozzle boxes of cast steel, and 
which, with the steam chest, are the only parts of the turbine subject 
to high pressures and high temperatures. The design of the casing 
and the diaphragms, which are both made in halves with only horizontal 
joints, allows of a very easy inspection and accessibility to the rotor, 
and to the interior of the turbine by lifting the top half. Due to the 
use of a velocity wheel the gland question which, during the whole 
development of the steam turbine was a very important one, becomes 
much simpler. 

In the case of a pure Rateau or Zoelly turbine, the glands have to 
be made reasonably tight against high pressures. In the earlier designs 
they were made of loose metal packing rings, and according to the 
latest practice with loose carbon rings. When using a velocity 
wheel an ordinary labyrinth gland has proved to bc quite satisfactory 
with regard to the leakage of steam, and has the advantage of greatest 
simplicity and reliability. The high-pressure gland is connected to 
the exhaust of the turbine and is sealed against air by the well-known 
water gland used on thc Westinghouse Parsons turbines, which is also 
retained as a low-pressure gland. 


III. COMPARISON OF THE MODERN TURBINES. 


The recent development of the various steam turbines outlined 
above shows very clearly the tendency towards the use of the two 
types known as the disc and drum or the Curtis-Parsons type and the 
Curtis-Rateau type. 

These must be considered the most important type at present in 
use, as is best shown by the fact that practically all turbine builders in 
this country are adopting one or the other, and it will therefore be 
interesting to examine closely the points of difference between them. 
To do this it is necessary to consider the two types with regard to 
reliability, economy, and first cost. This examination will show that it 
is not possible to give a definite statement, that in general one is better 
than the other, but this depends on the particuiar conditions under 
which the turbine is required to work in any particular case. 

The reliability of the turbine will depend much more on the design 
of its details than on the principle on which it is constructed. It is 
quite certain that the design of the fixing of the blades, for instance, 
which does not depend on the type of the turbine, is of great import. 
ance. But it is also evident that a turbine with very small clearances 
between fixed parts and parts running at a relatively high velocity will 
not be so reliable asa turbinc with large clearances between these parts. 

With regard to the other points—i.e., economy and first cost—we 
will limit our comparison to the high-pressure turbine, which is mainly 
used in power stations. 


* Engineering, vol. 91, p. 41, 1911. 
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Dividing the turbincs into three categories :— 


I. Turbines with small outputs less than 750 k.w. at 3,000 revs. 
per minute, or less than 2,250 k.w. at 1,500 revs. per minute ; 

2. Turbines with moderate outputs, 750-1,500 k.w. at 3,000 revs. 
per minute, or 2,250-4,500 k.w. at 1,500 revs. per minute ; 

3. Turbines with large outputs, above 1,500 k.w. at 3,000 revs. 
per minute, or above 4,500 k.w. at 1,500 revs. per minute ; 


we can state the relative position to be as follows :— 

For turbines with small outputs the disc and drum type is certainly 
сһеарег--і.е., the disc and drum type сап be made at a lower price for 
the same steam consumption, or allowing the same price for both types, 
the disc and drum turbine can be made with the better efficiency. 


Thickness coefficient T = Ж 


- A 
Fic. 20.—Last Wheel of Turbine. 


For moderate outputs the two systems are about equal with regard 
to economy and first cost. 

For large outputs, the Curtis-Rateau turbine is the better because 
the disc and drum type would have to be made as a double-flow turbine, 
in the low-pressure part, which would increase the cost of the turbine 
considerably without a corresponding increase in efficiency. 

In short— 


The drum turbine is the design for small outputs. 
The disc turbine is the design for large outputs. 


The following investigation proves that the maximum output which 
can be obtained with a disc turbine, under the same ccnditions with 
regard to working stresses, leaving losses and vacuum, is about twice as 
large as the maximum output which can be obtained with a drum 


turbine. 
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IV. MAXIMUM OUTPUTS OF TURBINES. 


The maximum output for which steam turbines can be designed 
depends on the maximum weight of the steam which can be passed 
through the low-pressure part with reasonable efficiency. The greater 
the steam quantity the greater the output of the turbine. 

The weight of steam is given by the following formula :— 

G a ee тт Ос 


v v 


(1) 


and the maximum output in kilowatts by— 


м= "702 M3000 „шж ыз! 
where— 
G = weight of steam flowing through the turbine. 
V = volume of steam flowing through the last blades. 
v = specific volume of steam at exhaust. 
D = mean diameter of last blades (sce Fig. 20). 
h = length of last blades. 
c —axial steam velocity through last blades. 
— steam consumption per kilowatt-hour. 
т -—thickness coefficient (0:90—0:95). 


Hence the maximum output depends mainly upon :— . 


1. The specific volume v at the exhaust of the turbine which 
depends on the vacuum. 

2. The outlet velocity c, which depends on the permissible 
leaving loss. 

3. The mean diameter D, which depends upon the maximum 
permissible peripheral speed. 

4. The maximum permissible blade height, which depends on 
the method of fixing the blade. 


I. Influence of Vacuum.—The specific volume of the steam depends 
mainly on the vacuum, and its value for saturated steam from 27 in. up 
to 29 in. is given in the following table :— 


TABLE I. 
| 27 in. 27k in. 28 in. 284 in. ?9 in. | 
— — | а | | | 
231 2745 5386 440 654°5 cub. ft./lbs. | 
14°4 17°15 2171 275 408 m.3/kg. 


This table indicates that the maximum output which a turbine can 
be designed to give depends mainly on the vacuum, and is, other 
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conditions remaining the same, about 2°83 times larger at 27 in. than 
at 29 in. vacuum. In order, therefore, to compare the drum with the 
disc turbine, as regards maximum output, we must assume the same 
vacuum for both. | 

2. Influence of Leaving Losses.—In order to reduce the leaving loss 
to a minimum the blading should be so arranged that the absolute 
outlet velocity from the last wheel is in an axial direction. 

If— 


і, = total heat drop available. 
c —the absolute outlet velocity from the last wheel. 
J = mechanical equivalent of heat. 

— 424 (metric units) or 778 (English units). 


The leaving loss of the turbine is given by— 


TES. 
o 2g) ta 
In metric units— 
c 
b= disi WS ж. Geo me жж жо DES. 2% (3) 
In English units— 
с? 
h = — 
22471, 


Allowing for the pressure drop through the governor valve, the 
total heat drop available with the standard high-pressure turbine 
conditions, mentioned on page 806, namely 180 ibs. per square inch 
gauge, 15% F. superheat, and 28 in. vacuum, is 200 calories or 
360 B.Th.U. 


Therefore— 
с Ұз ; 
l = 0'6 e per cent. for metric units . (3a) 
l, = 0'0555 (т ) per cent. for English units 
Hence the maximum output is proportional to the square root of 
the leaving losses, and we get :— 


Leaving loss, per cent.... 1 2 3 4 5 
Outlet velocity ... .. 120 1825 22,75 258 289 т./ѕес. 
Outlet velocity ... .. 424 598 732 846 948 ft./sec. 


3. Influence of Stresses in Drums and Discs.—The maximum mean 
v Dn, 
60 
which itself is limited by the maximum stresses allowable. These 
are considered separately for drums and discs in the following 

investigation :— 
(a) Stresses іп Drums.—The stresses in rotating drums without 
VoL. 48. 62 


diameter D of a turbine depends on the peripheral velocity и = 
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blades can be calculated very easily by the formula used for calculating 
stresses in rotating rings— 

| CMH UNS Wok ож жой А Oe ode) 


о = tangential stress in drum. 
р = specific mass of material. (For steel 8 x 1075 kg. cm.~ sec.’ 
ог 7:35 X 10^? lbs.-inch^* sec.?.) 
ua == mean peripheral speed of drum. 


According to this formula, the following table has been calculated :— 
In metric units— 


ча== 50 75 100 125 150 m./sec. 
o= 200 450 9800 1,250 1,800 kg./cm.?. 


In lbs.-inch units— 


Ug = 100 200 300 400 500 ft./sec. 
ø = 1,060 4,230 9,530 16,930 26,460 Ibs./square inch. 


If the drum is loaded with blades we have to consider an additional 
stress which can be calculated from the expression :— 


(5) 


© x 


where— 
o’ = additional stress in drum due to the centrifugal force of 
the blades. 
e, = load on drum due to the centrifugal force of the blades 
per unit surface (Ibs./square inch or kg./cm.*). 
r = mean radius of drum. 
6 = thickness of drum. 


At the low-pressure end of the drum this additional stress is 
generally about 25 per cent. of the stress duc to the centrifugal 
force of the drum itself, so that the total stress is approximately— 


Со. == I'l2507 25 Xu XuZ . .. . . . (6 


The blade height of the last row is usually not more than one-fifth 
of the diameter so that— 


Mean D = r25D,, 
and— 
Mean u = 12554 ; 


and therefore— 


Cit, = 1°25 иг =— еы 


Or-— 
бия. == o'8 p . ц?. 
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The maximum stress should not exceed— 


One-third of the elastic limit, or about 
One-fifth of the tensile strength of the material. 


The physical properties of the steel available for commercial manu- 
facture of drums and discs arc given in the following table :— 


TABLE II. 
Breaking Strength. | Elastic Limit. Maximum Stress. 
Material. асар а |2.,. с 
| tion. 
Kg./cm.2.| Lbs./sq. in. Kg./cm.2.| Lbs./sq. in. Kg./cm.2.| Lbs./sq. in. 
Per 
Cent 
Forged steel ..| 4.700 67,000 2,84С 40,000 20 940 13,300 


3 per cent, Ni-steel | 6,300 


According to these stresses the mean blade velocity should not 
exceed— 


u = 120 m./sec. or 400 ft./sec. for forged steel drums. 
u = 140 m/sec. ог 465 ft./sec. for 3 per cent. Ni-steel drums. 


(b) Stresses іп Discs.—In a rotating disc there are two different kinds 
of stresses— 


о, = stress in radial direction. 
c, — stress in tangential direction. 


For any point on a circle of radius r the stresses о, and e, remain 
constant, and for plain steel discs of uniform thickness are given by— 


=з p-01 
IO 72 


„= 53 [1- eszs(z) ] m pes 


The stresses reach a maximum in the centre of the disc where— 


Orp = о,==`— Ma OR RU SU (9) 


Thus the maximum stresses in the case of a plain rotating disc are 
only— 
33 


8 741025 рег сепі, 
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of those of a drum rotating at the same peripheral speed ; or, in other 
words, to obtain the same stresses a plain rotating disc must be run 
with a peripheral speed 55:5 per cent. higher than that of a rotating 
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Fic. 21.— Distribution of Stresses in Uniform Disc with Hole. 


ring or drum. The distribution of the radial and tangential stresses 
in the disc are shown in Fig. 21 by curves ør, and о. 
Unfortunately discs used for steam turbines must be provided with 
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a hole at the centre for the purpose of fixing them on to the shaft. If 
the diameter of the hole be r, the stresses are given by— 


„= [1+ -0-0l | y 
«m 33 [+ (SY — озу (7) (91 


The distribution of stresses in discs with holes of various diameters is 
plotted in Fig. 21. If the hole is very small the stress o, on its peri- 
phery will become zero, thc stress falling according to the curve ør. 

On the other hand, the reduced stress e, must obviously be balanced 
by an increased stress оғ, and from the formula given above calcula- 
tion shows that the tangential stress near the periphery of the hole is 
increased to double the stress in a solid disc without a hole. 

This means that a disc with a very small hole is only very little 
stronger than a ring rotating with the same peripheral velocity. For 
larger holes the tangential stresses increasc still more (see Fig. 21), 
the radial stresses decreasing at the same time, and for a very large 
hole the disc finally takes the form of a ring, c, becoming very small 
and о, equal to the stress for a ring. 

A plain disc with a hole in the centre is not, however, strong enough 
for turbine work, and it'is therefore necessary to increase its strength. 
This may be done in the following manner :— 


I. Strengthening the disc near the periphery of the hole by a boss. 


2. Increasing thethickness of the disc towards the centre in order 
to obtain as nearly as possible a disc of uniform strength. 


The different kind of disc shapes at present used in turbine practice 
are shown in Fig. 22. 


Fig. A shows a plain tapered disc with cylindrical boss in which 


Figs. B and C show a tapered disc with a hyperbolic profile, 
increasing the thickness towards the boss. 


For wheel B i5 = 235, 
For wheel C 5 = 4°17. 


The values of the stresses in these cases are shown by the curves o, 
and a, П has been found that the maximum stress is always а tan- 
gential stress and (for disc A) is given by the formula— 

Maximum o; = 4'4 X 1076447. 
For disc B— 
Maximum oc, = 3'3 X 105 w. 
For disc C— 
Maximum 6,2277 X 10 5 w. 
This means that, compared with a plain disc of uniform thickness, 


disc B is of equal strength, disc A is 33 per cent. weaker, and disc C is 
18 per cent. stronger. 


[16th Jan., 
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Fic. 22.—Distribution of Stresses in Turbine Discs. 


1912. ] STEAM TURBINE PRACTICE. 808 


Allowing maximum permissible stresses according to Table IL, 
these discs can be run up to the peripheral speeds shown on page 799. 

Thus in the case of disc A the peripheral velocity can be 1°35 times, 
disc B 1°55 times, and disc C 1°72 times the maximum velocities for 
drums. Mild steel discs of shape B which represent usual practice 
can be run at a peripheral velocity of 168 m./sec., so that for— 


п — 3,000 revs. per minute the mean diameter would be = 42 in., 
or— 


п == 1,500 revs. per minute the mean diameter would be = 84 in. 


4. Influence of Stresses in Blading.—It will be seen from the formulz 
which we are discussing that the maximum steam quantity is propor- 
tional to the blade height. The larger the blade height the larger the 


Peripheral Velocity of Discs. 


Forged Steel. 3 per Cent. Ni-steel. 
M./sec Ft./sec. М вес Ft./sec 

Disc shape А ... 146 478 168 552 
Disc shape В  ... 168 555 194 636 
Disc shape С ... 186 610 215 705 


steam quantity and also the output. The stress at the blade root is 
given by— 


=з ue (5) 3 808 5-9 4 (11) 
where— 
сь = stress in the blade root. 
p = the specific mass of material. 
и == peripheral velocity. 
h = blade height. 
D = mean diameter of disc. 


(a) Drum Turbines.—As the ratio 5 is gencrally less than 4, the 


stress at the root of the blades (for drum turbines) is o, = $ p u?, i.e., 
only half of the stress of the drum which has been shown to beo=o'8p te. 
In drum turbines, therefore, the blade height is only dependent upon 
the reliability of the method employed for fixing the blades to the drum. 
If the turbine is to realise its maximum permissible output, blades of 
considerable length are required, and these cannot be held rigidly 
enough if the usual methods of caulking the distance-pieces are used ; 
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consequently methods similar to those at present applied to impulse 
turbines must be adopted. 

It can be shown that there are available methods of fixing the blading 
with which no stress in any part is produced larger than that at the 
root, and since, as shown by the above formule, this stress is of no 
importance, the maximum height of the blades in drum turbines is 
limited by other considerations ; in order to keep the difference of the 
peripheral speeds at the root and at the top of the blades within prac- 
tical limits it is not advisable to increase the blade height above one-fifth 
of the mean diameter D, as already pointed out. 

(b) Disc Turbines.—The blade height which can be used in disc 
turbines is dependent upon the stress at the root of the blade. 

Taking the maximum blade height of Rateau turbines to be one-fifth 
of the mean diameter, the stress at the root of the blade is— 


сь=={ ри? . . M 
—32w X 10-8 i-o wo We ы ^к, dd) 


i.e., about the same as the stresses in a disc of shape В, Fig. 22. 
The following table gives the values of this stress for different 
peripheral speeds :— 


For &— 100 125 150 175 200 m/sec. 
=320 500 720 980 1,280 kg./cm.?. 
For u — 100 200 300 400 500 600 700 ft./sec. 


= 423 1,693 3,810 6,773 10,584 15,240 20,740 Ibs./sq. in. 


Assuming for disc turbines that Л = Е, formula (2) becomes— 


Maximum output in KWo 2. X 3,600 . . . (12a) 


Hence the maximum output is proportional to the square of the 
diameter. 

5.—Maximum Outputs of Disc as Compared with Drum Turbines.—In 
order to compare the two different types of turbines, it is, of course, 
necessary to assume the same outlet losses. 

From formula (2) it follows that— 


K Warum = тт Darum Paco c X 3,600. 


vS 


K Wax = —— у X 3,600 


c, v, and S being the same in both cases. 


K Warn a Darum larum S eJ] 


K Wai — — Dai. Лав Dais . (13) 


as h = H in both cases. 
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For a given number of revolutions of the turbine, the diameter is 
proportional to the peripheral speed and the output, and for the same 
stress in discs and drums— 

K Warum (==) өрен 33 


—. = М approximately . . . . . (14) 
which means that, other conditions remaining the same, a disc turbine 
can bc built having twice the maximum output of a drum turbine. 

The fact that some makers have recently begun to use solid drums, 
which, according to our investigation, would theoretically be stressed 
only to the same figure as disc turbines, does not alter the above state- 
ment with regard to relative capacity, because it is unsafe to run solid 
drums at a higher peripheral speed than ordinary drums. This is due 
to small faults in their interior which it is quite impossible to detect, and 
which: have been shown to increase the calculated stresses to more than 
double, Both the disc and the ordinary drum construction have thc 
advantage of allowing inspection to be made of each part, thus ensuring 
that the material is homogeneous throughout. 

6. Maximum Outputs oblainable from Disc Turbines.—The maximum 
output of a disc turbine, being proportional to the square of the diameter 
is—for a given permissible stress—inversely proportional to the square 
of the revolutions per minute. 

Consequently the output of a turbine is— 


4 times larger at 1,500 revs. per minute than at 3,000 revs. per minute. 
9 ul » 1,000 » » 3,000 » 
IÓ » » 750 » » 3,000 » 


In practice, however, it is not advisable or necessary to stress the 
material in large turbines to the same extent as in small turbines, so 
that the relation between speed and output may be taken as follows :— 


Maximum output for 1,500 revs. per minute, 3 times larger than for 
3,000 revs. per minute. 

Maximum output for 1,000 revs. per minute, 5 times larger than for 
3,000 revs. per minute. 

Maximum output for 750 revs. per minute, 8 times larger than for 
3,000 revs, per minute. 


These figures can be approximately obtained from the formula— 


Constant 
Maximum output — A ish Ge тч. в d de ve A ES) 


from which the maximum output for any speed can be obtained, other 
conditions remaining the same if the maximum output for any one 
speed is known. 

As the stresses are proportional to the square of the diameter for a 
given speed, it follows that, other conditions remaining the same, the 
maximum output is proportional to the tensile strength of the material. 
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The maximum output is effected in the same way by the decrease of 
stress obtained by improving the disc and blade shape. 

For a given turbine of, say, 42 in. mean diameter, running at 3,000 
revs. per minute, the maximum output depends only on the vacuum and 


8870 KW. 


Oy, 
- бООО Zo, А 


Буа ; 


| 
м) м Ф ш 
i à D> е2 c c2 


oO 
22 
б vr r ~ ж- 
Ж Сеит” LOSS 


FIG. 23.—Maximum Output obtainable from Disc Turbines. 
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the leaving losses. The relations between these quantities have been 
plotted in Fig. 23 in the calculation of which the following figures were 
assumed :— | 


Initial pressure ... 522 ... == 180 lbs./sq. in. gauge. 

Superheat ... wee ws ix. oF, 

Turbine efficiency — .. = 70 per cent. 

Generator efficiency e. = 94 per cent. 

Specific volume as in Table I., allowing for 6 to 8 per cent. 
moisture. 

Thickness coefficient for last wheel = 0792 to 0:94 per cent. 
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7. Recent Development of Outputs of Turbo-generators.—The question 
of the maximum outputs, which can be obtained with the different 
types of turbines, becomes very important in view of the great increase 
in the maximum capacities of turbo-alternators during the last 
three years. This is mainly due to the rapid development of the 
impulse turbine, the high costs of which for small outputs and great 
economy for large outputs have caused the manufacturers of these 
turbines to introduce designs of turbo-generators suitable of giving 
very large outputs at relatively high speeds. Whereas four years ago 
1,000 k.w. was considered a very large output for 3,000 revs. per 
minute, manufacturers are at present prepared to go up to 3,000 k.w., 
and even higher for this speed. The increase of the output of turbo- 
alternators has been more rapid in the United States and on the 
Continent than in this country. For example: The American Westing- 
house Company recently built 5,000 k.v.a. running at 3,600 revs. per 
minute, and 15,000 k.w. maximum rating at 1,800 revs. per minute. The 
A. E.G. Company is reported to have in work 21,500 k.v.a. at 1,000 revs. 


per minute,* and Siemens-Schuckert Works 4,000 k.v.a. at 3,000 revs. 
per minute. 


V. THE CRITICAL SPEED OF TURBINE ROTORS. 


In the design of steam turbines a most important factor is the 
critical speed of the rotor. In this matter the disc type of turbine has 
a very considerable advantage over the drum, in that its critical speed 
can be calculated with ease and certainty, and that it can be satis- 
factorily balanced by statical methods. 

The first turbines of the Rateau and Zoelly type were made with a 
flexible shaft, i.e., the normal speed was above the first critical speed. 
At one time there was even a tendency to neglect the critical speed 
altogether, in spite of the investigations made by Professor Stodola, as 
it was found that turbines, if properly balanced, could, under normal 
condition, be run very satisfactorily even at the critical speed. Un- 
fortunately it was soon found in commercial running, when abnormal 
conditions are bound occasionally to occur, that if the shaft were 
deflected—as, for instance, when water is carried over with the steam— 
it remained deflected because it was running at the critical speed. 

The question of the critical speed is of the first importance when 
using the three-bearing design, which is becoming more generally 
adopted for small turbines, It will therefore be of some interest to 
recall the main facts relating to critical speeds of rotors, as used for 
turbines, generators, blowers, compressors, and pumps. 

The critical speed of a shaft is usually defined as that speed at 
which a very small eccentric mass will cause the shaft to deflect to a 
very great extent. It can be demonstrated that this speed coincides 
with the natural frequency of vibration of the shaft, and also that it is 
that speed at which any accidental deflection of the shaft results in a 

* See A.E.G., Zeitung, 1911-12. 
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centrifugal force due to its rotation about its position of rest, sufficiently 
large to maintain this deflection.* 

In the following investigation a shaft will be referred to as rigid if 
its critical speed is above the normal running speed, and as a flexible 
shaft if its critical speed is below the normal running speed. 

I. Critical Speed of a Weightless Shaft with One Wheel.—When а 
vertical shaft loaded with one wheel of mass M is run much bclow the 
critical speed it retains its straight position (Fig. 24). On the other 
hand, a horizontal shaft has an initial deflection, due to the weight of 
mass M (Fig. 25), and if caused to rotate will still keep this configuration 
—i.e., the deflection of the shaft, due to the weight, will remain the 
same, and the shaft will not straighten itself, as might be expected at 
first sight. 

In either case if the shaft is run much below the critical speed, and 
is for any reason deflected from its position of rest, the clastic forces of 


FIG, 24. FIG. .25. Еіс. 26. 


the shaft will restore it to its original position. The critical speed is 
reached when the deflection of the mass M, owing to its rotation about 
its position of rest, produces a centrifugal force sufficiently large to 
maintain this deflection. 

It is evident, therefore, that the critical speed of a shaft is the same 
whether in a vertical or a horizontal position, as the additional deflec- 
tion due to centrifugal force is identical in either case. In general 
terms this means that the position of the shaft does not influence its 
critical speed. 

It is clear from the above that the governing condition of the 
critical speed is that the centrifugal force P, which is equal to M yw’, 
must be large enough to keep the shaft in the deflected position, ¢g., 
in the case of the shaft shown in Fig. 26— 


pg o ов Os at cie ы (16) 


* For a more complete investigation of the phenomena of critical speed see 
Professor Stodola’s * Dampfturbine,” 4th ed., upon which these remarks have been 
based. 
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where— 
E = modulus of elasticity. 
I = transverse moment of inertia. 
1 = length of shaft. 
y = maximum of deflection. 


More generally P = а у, where— 
a — constant for given shaft, position of weight, and method of 
support. 
у == deflection of the shaft measured at the point where the weight 
is Carried. 


This formula, combined with Р = M y e, will give— 


М уш? = ау, 
or— 
Мажжа» ж «о из x жол жож ХЕҰ?) 


Thus the critical speed is independent of the deflection imparted 
to the shaft, or, in other words, a shaft running at the critical speed 
is in neutral equilibrium. 

Although the critical speed kas really nothing whatever lo do with 
the deflection due to gravity, there is a very simple relation between 
the critical speed and the deflection f of the shaft, due to the weight 
of mass M when supported horizontally. 

The relation is given by— 


| G=Mg=af ........ (18) 
Combining (17) and (18) we get— 


fP =g ......... (19) 
where— 


f = the deflection of the shaft due to the weight, and is measured 
at the point where the weight is carried. 

w = critical angular velocity іп radians/seconds. 

£ — constant of gravitation. 


This formula applies to any weightless shaft loaded with one con- 
centrated mass in any position and for any method of support. A few 
of the most important cases are illustrated in Fig. 27. 

It will subsequently be proved that by a very slight modification 
of the constant this formula can be used equally well for shafts with 
any distribution of load which may occur in practice. 

2. Critical Speed of Shafts with Uniformly Distributed Loads.—For 
a uniform shaft with a uniformly distributed load it can again be 
demonstrated that the critical speed corresponds to the natural fre- 
quency of vibration. The critical speed is given by the following 
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formula for all the five different methods of support illustrated in 
Fig. 28 :— 
п? IE 
w = a pos . (20) 
where— | 
l = length of shaft, as shown in Fig. 28. 
I = transverse moment inertia of shaft. 


E = modulus of elasticity. 
m= 4 mass per unit length. 


w = weight, load per unit length. 


If only one weight be used there is but one critical speed, and as 
the speed is raised above this the running becomes steadier. Exten- 
sive use of this fact has been made by de Laval in his single-wheel 


Жаға: 


Fic. 27.—Different Cases of Concentrated Loading. 


turbine, in which, in order to reduce vibration, the running speed is 
seven times greater than the critical speed. 

If more than one weight be used the shaft will have critical speeds 
of higher frequency, and in the case of shafts with uniformly dis- 
tributed loads there are theoretically an infinite number of critical 
speeds, of which, however, only the first, second, and in exceptional 
cases the third and fourth, are of practical importance. 

The constants Ё and k? for these different critical speeds are given 
in Fig. 28 together with the corresponding elastic curves, which are 
characteristic of them. With the help of this table, all important 
critical speeds, or natural frequencies of vibration, can be calculated 
Ғог any of the conditions given. 

The first, or fundamental critical speeds are, of course, of the 
greatest importance, and for the different cases their relative values are 
given by the constant А, 


Case І 2 3 4 5 
k? = 0356 го 1°56 2°25 I 
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This shows, for instance, that the critical speed of the overhung 
shaft is about one-third of that of a shaft supported in two bearings. 
It is very important to know the second critical speed of shafts 


FiG. 28.—Critical Speeds of Shafts with Uniformly Distributed Loads. 


running above the first, because it is essential that the running speed be 
sufficiently removed from both the first and the second in order to 
reduce the vibration to a small amount. Also, it is very often impossible 
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to calculate the critical speed with absolute accuracy, and, consequently, 
it should be made a standard practice to have the running speed at 
least 30 per cent. above or below any critical speed. 

The ratios of the higher critical speeds to the fundamental are given 
by the value of K in Fig. 28. 

For case 1 the second critical speed is 6:26 times higher than the 
first ; for case 2, 4 times; case 3, 324 times ; case 4, 2°78 times ; and 
for case 5, only 1°56 times higher. In the last case, which often occurs 
in practice, and is known as the three-bearing design, this figure may 
be further reduced by the use of smaller shaft diameters in the centre 
bearing, from which the practical difficulties of a three-bearing machine, 
running between the first and second critical speed, are apparent. 
This statement is only correct when the critical speeds of both the 
spans are about equal. 

When one span is a rigid and the other a flexible shaft, the combined 
effect raises the first critical speed of the flexible shaft to a maximum 
determined by the ratio of the first critical speed of case 2 to that of 
case 3, and the second critical speed may be sufficiently far from 
the first to render a three-bearing machine, running above the first 
critical speed, quite practicable. It will, however, always be necessary 
for the designer to satisfy himself as to the approximate position of 
the different critical speeds. For this purpose Fig. 28 will be of 
considerable help. 

We will now proceed to find a relation between deflection due to 
gravity and the first critical speed. In all five cases the maximum 
deflection апе to a uniformly distributed load is given by the following 
formula :— 


m 
/тсге”Е. B um meu Жошы ao. “Be AGT) 


The values of the constant с аге-- 


For case 1 2 3 4 5 
c= 1/8 5/384 1/15 1/3% 5/384 


Combining formula (20) with (21) we get— 


fwzckmgB .......... (22) 
writing— 
у= ск x 
we get— 
ГЫ у 4 e з жое жою oe 25) 


The value of у for the different cases being :— 


Case I 2 3 4 5 
1°55 1:27 1°35 1720 1:27 


(23) is of similar form to the formula found for the critical speed of a 
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weightless shaft with one wheel. The additional factor у shows that 


the critical speed given by— 
fw? =g 


is to be multiplied by the coefficient ,/у in order to obtain the exact 
critical speed for the different cases, 1.е.-- 


Case... I 2 3 4 
By ,/у-- 1725 ГІЗ 1°16 I'I3 


In all five cases the difference in the value of the coefficient is 
remarkably small, and they cover nearly all possible arrangements 
of shafts.* 

Considering the actual distributions of loading are combinations of 
concentrated and uniformly distributed loads, it will be an easy matter, 
by the aid of Fig. 28, to estimate to a very fine degree the limits of 
the factor ,/у. 

3. Crilical Speed and Deflections of Turbine Rolors.—The author has 
had an opportunity of verifying the relation existing between the 
critical speeds and deflections for shafts as used in impulse turbines, 
blowers, and compressors. 

By well-known methods the critical speed and deflection due to 
gravity were calculated (as accurately as possible by different engineers) 
with the invariable result that— 


f w? = (1:07 to 1°08) g; 
ог in cm. sec. units with g= 981 cm./sec.? 
f «? = 1,050 to 1,060. 


With this formula it is possible to answer at once the question, 
What is the maximum deflection of a turbine shaft running at 3,000 
revs. per minute if the critical speed is 30 per cent. above the running 
speed ? 

n = 3,000 revs. per minute. 
w = 410 sec. 
pe. 1060 


= ато = 0'0063 ст. = 0063 mm. = 275 mils. 
For a turbine running at— 


1,500 revs. per minute / would be огото in. 


1,000 ” f » 0022 ,, 
750 ” f ” 0'040 ,, 


VI. GovERNING OF STEAM TURBINES. 


Steam turbines are generally governed by a throttle valve, which is 
connected to a mechanical governor either directly or indirectly by 
means of steam or oil relay. 

= This result is quite consistent with Dunkerley's Law. Philos. Transactions of the 
Royal Society, London, vol 185, p. 270, 1895. 

VoL. 48 58 
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Direct governing, which has been adopted from steam-engine prac. 
tice, is very satisfactory for small turbines, provided the throttle valve: | 
are absolutely balanced ; for larger turbines, steam relays with pulsat- 
ing motion have been used, but now nearly all manufacturers of steam 
turbines use oil relays, and this is undoubtedly the most satisfactory 
arrangement. 

In the case of combined turbines, governing by cutting-out nozzle: 
improves the economy at partial loads, Special nozzles which were cu! 
out by hand were first used by de Laval and later by the General Electrx 
Company ; the latter also introduced automatic nozzle cut-out govern- 
ing, i.e, an arrangement by which nozzle control valves, under the 
control of the speed governor, are opened in succession according 
to the load. Similar arrangements have been adopted by the A. E.G. in 
connection with their Curtis-Rateau turbines. 

It has been stated that a disadvantage of the combined turbine ts 
that it must be provided with nozzle cut-out governing at partial loads, 
in order to obtain satisfactory consumption at these loads. This, how- 
ever, is not so, as there is, of course, no reason why ordinary throttle 
governing should give less satisfactory results at partial loads with com- 
bined turbines than with “ pure" types of turbines. It is a fact that 
automatic nozzle control complicates the governing mechanism to such 
an extent that it should. only be adopted in exceptional cases, where 
turbines are run for a considerable length of time at low loads and 
where the loads may change rapidly. In most cases ordinary throttle 
governing is preferable, as the small improvements obtainable with 
nozzle cut-out governing (2 per cent. at ł load, 4-5 per cent. at { load) 

do not justify the additional complication in the governing apparatus. 
The practical difficulties of automatic nozzle control are due not to the 
necessity of arranging valves in front of the nozzles, but to the compli- 
cated gear required to operate the valves, which latter must be reason- 
ably tight when closed. These difficulties, therefore, do not exist when 
hand-operated valves are used, and in most cases these meet the 
requirements. The problem of cut-off governing, which has been 
successfully solved for steam engines, is more difficult in the case 
of steam turbines, but it is also of less importance. 


VII. INCREASE OF THE FIELD OF APPICATION OF TURBINES. 


I. High-pressure Turbines.—The steam turbine is the machine for 
large outputs, and it has during the first half of the last decade super- 
seded the steam engines for outputs above 1,000 k.w. The recent im- 
provements in steam turbines, which resulted from the adoption of the 
combined types, has still further reduced the minimum output at which 
a steam engine is more advantageous than a steam turbine. Units of 
500-k.w. capacity are now usually ordered as turbines, and even 250-k.w. 
turbines are able to compete successfully with the best modern steam 
cngines. In countries, as for instance the United States, where the 
cost of coal is of secondary importance, there is a tendency to adopt 
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turbines for even ihe smallest outputs. For small units generally 
the pure Curtis types with only a single wheel are used. These are 
also applied very successfully for special purposes, as, for instance, the 
driving of condenser and high-lift pumps, which are discussed more 
fully in the final paragraph. 

The developments which have taken place during the last five years 
show an improvement not only in high-pressure condensing turbines as 
used for power stations, but also a tremendous increase in the applica- 
tion of turbines to all possible industrial purposes. This has involved 
the manufacture of new kinds of machines known at present as :— 


Low-pressure or L.P. turbines. 
Mixed-pressure or M.P. turbines. 
‘Back-pressure or B.P. turbines. 
Reducing or R. turbines. 


2. Low-pressure lurbines.—The great possibilities of low-pressure 
turbines was first pointed out by Professor Rateau, who invented 
the Rateau steam accumulator, which is really a necessary accessory 
for low-pressure installations. The first plant including low-pressure 
turbines and steam accumulator in conjunction with winding engines 
was installed by Professor Rateau in 1903 for the Mines de Bruay. 

The Rateau accumulator allows low-pressure steam at a constant or 
approximately constant rate to be taken from a machine which is 
working intermittently. If the available low-pressure steam quantity 
is always sufficient for the output required, the installation of a low- 
pressure turbine is quite satisfactory, and if for short periods no 
low-pressure steam is available, high-pressure steam must be re- 
duced into the low-pressure steam main. If, however, this occurs for 
long periods, or if the low-pressure steam quantity is not sufficient 
to produce the power required from the turbine, the losses due to 
throttling high-pressure stcam to below atmospheric pressure are 
too large. In such cases, which represent the normal condition, 
the installation of a mixed-pressure turbine is necessary. 

The main application of low-pressure turbines is at present in 
connection with steam engines without accumulators in existing power 
stations. Engines previously run condensing are changed to run non- 
condensing and allowed: to exhaust into a low-pressure turbine, the 
alternator of which is coupled electrically to that on the steam engine, 
so that engine and turbine form one set. 

This arrangement is very economical, providing the normal output 
of the combined set is increased at least 50 per cent. above that of the 
engine alone. Usually the combined set is arranged so that the normal 
full load of the engine alone when exhausting against a back pressure 
of about 16 lbs. per square inch absolute is kept the same as before, 
the low-pressure turbine utilising the exhaust steam coming from the 
enginc. It is advisable to pass the exhaust steam from the engine 
through an oil separator which acts also as a water separator. The 
additional output which can be obtained from the low-pressure turbine 


RECENT DEVELOPMENTS ІМ [16th Jan.. 


BAUMANN: 


816 


GEE en ER 


~~ 


сазы аа SEES 


fe 


CUNY 


/ хақы. = 
ЛАРАГ TELLS GALLS EAK ám mm C, 


\ 
мыны аны ыыы, peewee 


| 


S 
wma PPP N 
Ж 
77774 N 
M 
Digitized by Go OQIC 


ET КЕЗУ 


TTA 
42... 


[A B, HIDE 
ж Ж, 


кы 


1912. ] STEAM TURBINE PRACTICE. 817 


depends mainly on the vacuum. The improvement in cconomy is 
much larger in cases where river or sca water is available for cooling 
water than in cases where cooling towers аге necessary. At partial 
loads the back pressure on the steam engine drops below atmospheric 
pressure ; it is therefore essential to steam-seal the glands on the low- 
pressure cylinders of the steam engine in order to reduce air leakage 
to an absolute minimum and to secure the highest possible vacuum. 

The following figures are based on the average conditions which 
usually occur in these combined plants in the case of compound 
engines. | 

The steam consumption of the engine running non-condensing will 
be about 35 per cent. (30 per cent. to 40 per cent.) greater than when 
running condensing. The exhaust steam from the engines will give an 
additional output in a low-pressure turbine of :— 


61 per cent. of the output of the engine at 27 in. vacuum, 
70 3) » м» » 28 » » 
81 » » » » 29 » ) 


and the steam or coal consumption would be :— 


1:355. {84 per cent. of the original steam 


For 27 in. vacuum : Per consumption 
1°35 

” 28 ” » 170 = 80 » » ” » 
1°35 

» 29 , ” ІЗІ = 75 » dá "n " 


As the turbine is electrically coupled to the engine, no special 
governing of the turbine is required. For starting and paralleling 
generally, high-pressure steam is required, which is either regulated by 
hand or by a mechanical governor. It is not necessary to provide a 
reducing valve, as the steam pressure in the low-pressure turbine 
will anyhow not be higher than atmospheric pressure, due to the very 
large areas through the blading of the turbine. 

A section of a low-pressure turbine is illustrated in Fig. 29, from 
which it will be seen that it is simply a high-pressure turbine with the 
first wheels taken off. The section of this turbine shows five wheels with 
full admission, and the capacity is 1,000 k.w. at 2,700 revs. per minute. 

3. Mixed-pressure  Turbines.—Mixed-pressure turbines are high- 
pressure turbines with an additional inlet for low-pressure steam, or 
low-pressure turbines with additional high-pressure stages to utilise 
high-pressure steam in case the available low-pressure steam quantity 
is not sufficient for the load required. They are generally used in 
collieries, rolling mills, utilising low-pressure steam coming from 
different kinds of engines, which are exhausting against a back pressure 
of about 16 lbs. per square inch absolute into steam accumulators. 

A section through a mixed-pressure turbine consisting of one 
velocity wheel and one Rateau wheel in the high-pressure part and 
five Rateau wheels in the low-pressure part is shown in Fig. 30. 
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Fig. 31 shows a view of a mixed-pressure turbine consisting of one 
velocity wheel and two Rateau wheels in the high-pressure part, and 
four Rateau wheels in the low-pressure part. 

Mixed-pressure turbines are not generally connected electrically 
with the steam engines from which the supply of low-pressure steam 
is obtained, and must therefore be separately governed by a speed 
governor. In order to obtain satisfactory running in parallel with 
other engines, it is essential that the load of the turbo-set be inde- 
pendent of the steam conditions, which means that the speed: of the 
turbine must be only dependent upon the load of the alternator, and 
independent of the low-pressure steam quantity available. The change 
in speed, when changing from high-pressure steam to low-pressure 
steam or vice versa, must therefore be as small as possible. These 
conditions were first realised by Professor Rateau, who invented a 
governor fulfilling these conditions (see English Patent No. 3822, 
1905), and which is now applied by nearly all the manufacturers of 
mixed-pressure turbines. 

Fig. 32 shows a sectional diagram of the mixed-pressure governor 
made by the British Westinghouse Company in accordance with 
Professor Rateau'$ patents. Its operation is as follows :— 

The low-pressure steam main is in communication with the under 
side of the spring-balanced piston A. When enough low-pressure 
steam is available, the steam pressure in the low-pressure main is 
above normal, and forces piston A to the top position, so that the 
relay valve H connects the top of piston B with the oil drain pipe. 
This causes piston B to rise also to the top position, until relay valve H 
returns to its mid position. 

Under these circumstances the low-pressure valve is under the 
control of the speed governor only. When, for instance, the output 
required increases, the speed of the turbine will decrease. The lever P 
rotating in the direction of the arrow takes up a position dependent 
upon the new specd. In doing so the relay valve K is lowered from its 
mid position admitting oil under pressure beneath the power piston C. 
C rising lifts the low-pressure valve by means of lever N, the high- 
pressure valve being held down by the spring D. 

When the available low- -pressure steam quantity decreases below 
the required amount, the pressure in the low-pressure main decreases 
also and causes piston A to descend, and by lowering the relay valve H 
from its mid position adınits oil pressure above B. Piston B descends 
and with it stop S, which partially closes the low-pressure valve and 
simultaneously lifts the high-pressure valve by means of the floating 
lever N without affecting the position of piston C, i.e., without affecting 
the speed of the turbine. 

The motion continues until H is again in mid position and the low- 
pressure valve lift adjusted so as to admit just the low-pressure steam 
quantity available without the pressure in front of the valve decreasing 
below atmospheric pressure. Тһе low-pressure valve is now only 
under the control of the steam pressure in the low-pressure main. Any 
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Кта, 32.—Governor for Mixed-pressure Turbines. 
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further increase of the load and decrease in the speed of the turbine 
does not change the position of the low-pressure valve, but opens only 
the high-pressure valve. 

Changes of outputs or low-pressure steam quantities of the opposite 
nature to those considered above result in a reverse series of operations. 

Although it is only five years since the first mixed-pressure turbine 
was installed in this country for the Gloucester Railway Wagon and 
Carriage Company by the British Westinghouse Company, its develop- 
ment has been very rapid during the last two years. The present 
importance of the mixed-pressure turbines for this country is best 
illustrated by the fact that the number ordered during the last three 
years is practically equal to the number of high-pressure turbines, 
whereas of low-pressure turbines only about one-eighth of this number 
has been ordered. | 

It is interesting to compare the two main turbine types, the drum 
types and disc types when designed as low-pressure or mixed-pressure 
turbines. 

The only factor we need to consider is the maximum output which 
can be obtained from the low-pressure part of these turbines. 

The steam consumption of low-pressure turbines is about double 
that of high-pressure turbines, which means that a low-pressure 
turbine has to deal with twice the steam quantity of a high-pressure 
turbine of the same output, or the maximum output of a low- 
pressure turbine is only half that of a high-pressure turbine assuming 
the outlet velocity of the last rows of blades is the same for both 
high-pressure and low-pressure turbines. As, however, the available 
heat drop of a low-pressure turbine is only about half that of a 
high-pressure turbine, the leaving losses when expressed in per 
cent. of the heat drop appear twice as high. It is therefore of 
great importance to keep these leaving losses as low as possible. 
Diagram 23, page 806, can be used for the approximate calculation of 
maximum outputs of the low-pressure and mixed-pressure turbines, 
when taking the maximum outputs to be half and the leaving losses 
to be double those indicated. 

It shows, for instance, that for impulse turbines running at 3,000 
revs. per minute and a leaving loss of 5 per cent. the maximum output 
is only 2,300 k.w. at 27% in. vacuum, 


or— 1,900 k.w. at 28 in. vacuum, 
9г— 1,600 k.w. at 284 » » 


whereas for drum turbines the leaving losses for the same outputs 
would be 20 per cent., which in most cases would be far too high, so 
that a double-flow turbine would be necessary. 

From this it is clear that in the case of low-pressure turbines the 
maximum outputs obtainable depend more on the turbine than the 
alternator, which is, of course, the reverse of that we found in the 
case of high-pressure turbines. 

4. Back-pressure Turbjnes,—Back-pressure turbines exhaust against 
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a back pressure which is above atmospheric pressure. Turbines run 
non-condensing and exhausting into free atmosphere are also included 
in this class. 
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The exhaust steam from back-pressure turbines is generally used 
for heating purposes, as, for instance, in ships for heating the feed 
water, or in mills for heating water in open pans, or in salt works for 
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evaporating brine. Fig. 33 represents a low-speed ship-lighting set 
400 k.w. running at 1,500 revs. per minute driving a direct-current 
generator, and exhausting against 20 Ibs. per square inch absolute back 
pressure. The exhaust steam is used for heating the feed water. The 
small output at a very low speed айа the light weight required made 
it necessary to use velocity wheels. 

The governing of these turbines may differ according to the con- 
ditions prevailing. When all the steam is required for heating purposes 
independent of the load, an ordinary speed governor is used, opening 
or closing a high-pressure throttle valve according to the load required. 
When, on the other hand, the turbine is required to work in parallel with 
other engines, and is intended to utilise only that amount of steam 
required for heating purposes, it need not be provided with a speed 
governor at all, the steam being controlled by the pressure in the heating 
steam pipe. If more heating steam is required the pressure in the heating 
steam main decreases, and this change of pressure can be used to open 
the governor valve in a similar manner to that used for reducing 
valves. Fig. 34 shows an arrangement where either of the two methods 
can be used, governing by mechanical governor or by the pressure in 
the heating main. 

Neither of the two methods are quite satisfactory in all cases. If, 
in the first case, more load is required than that obtainable from the 
heating steam available, steam must be passed through the turbine and 
blown into atmosphere. This represents a great loss, as this steam 
could be utilised in a low-pressure turbine. The second method is 
absolutely satisfactory in this respect, but it is necessary that it be run 
in parallel with other engines, the load of which is changed according 
to the heating steam quantity required. 

An absolutely satisfactory arrangement can be obtained by the use 
of the— 

5. Reducing Turbines.—In case the load of the turbine is more 
than that obtainable from the heating steam quantity required the 
surplus steam is by-passed to low-pressure wheels which are fixed on 
the same shaft and placed in the same cylinder. The sectional blading 
arrangement, and the governing arrangement of a reducing turbine 
are shown in Fig. 35. This drawing refers to a 1,500-k.w. turbine 
running at 3,000 revs. per minute, and supplying normally 47,000 lbs. 
of steam per hour at 16 lbs. per square inch absolute back pressure for 
salt works. 

Governing arrangements for reducing turbines have already been 
patented in this country in 1892 by T. Murrie (Patent No. 14013/1892). 
Patents on the same subject have been taken out in Germany by 
E. Mennig and G. D. Picard (Engl. No. 18932/1903), and P. Beck 
(No. 139013/1902). 

The governing arrangement for the turbine shown is similar to the 
mixed-pressure governor described above. The heating steam main 
is in communication with the underside of the spring-balanced piston 
N, which operates the low-pressure valve M by relay valve S and 
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power piston R, admitting steam to the low-pressure turbine. The 
high-pressure valve is controlled both by the position of the low-pressure 
valve and the вреса governor through the horizontal lever connecting 
the two governor valves. 

When the turbine is running at a certain load and the heating 
steam quantity decreascs, the pressure rise in the heating steam main 
will cause piston R to rise and consequently the low-pressure valve to 
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Ес. 35.— Reducing Turbine Governor. 


open, and simultaneously the high-pressure valve to close. More 
power will be developed on the low-pressure side, and less on the high- 
pressure side. The load is kept constant without appreciably affecting 
the position of piston JK and consequently the speed of the turbine. 
On the other hand, when the output increases the decrease in speed 
causes the piston J K to rise. The high-pressure valve will first be 
opened, and afterwards the low-pressure valve, on account of increas- 
ing back pressure. Thus both high-pressure and low-pressure valves 
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are automatically adjusted for the larger load without any change in 
the heating steam quantity. 

Variation in the outputs, or in the heating steam quantity of the 
opposite nature to those considered above, result in a reverse series 
of operations. 

In order to obtain automatically overloads with small quantities 
of heating steam, it is necessary to increase the pressure in front of 
the low-pressure wheels, so that a correspondingly increased steam 
quantity is passed through the low-pressure turbine. This is done 
automatically by lever F, which is operated by the low-pressure valve 
as soon as the latter is full open. The same arrangement may, under 
certain circumstances, be used for full load, the principle being to 
throttle always the smaller quantities, either the low-pressure steam 
or the heating steam, in order to secure the highest possible economy 
at all loads. 


VIII. IMPROVEMENT IN ECONOMY OF STEAM TURBINES. 


In Tables III., IV., V., VI., and VII., the most important test results 
obtained during the last five years on high-pressure, low-pressure, and 
mixed-pressure turbines are given together with the efficiencies of the 
turbines and generators.* 

The full-load consumptions and total efficiencies of the most 
important turbines are given in the following list :— 


| 
| Year gig. Revs. Lbs per Total | 


No. Manufacturer. mE е per |, Kilowatt- Etfici- 
Test. | '|Minute. hour. | ene». 


| 


906 3,000 1,500 1275 |638 


1| AEG. 42002004. 0 
2| С.А. Parsons .. “- | 1907 | | 3,500 1,200 1335 | 62°7 
31 Westinghouse Machine Co.. Ж 1907 | 7,500 750 | 15°00 | 66°3 
4; Brown-Boveri & Co.. 1907 | 3,500 | 1,360 13°70 | 64:8 
5j; Escher, Wyss & Co.. .. ,1908:5,000|1,000 1517 | 631 
11| АЕС. E | 1909 | 4,000 | 1,500, 11:92 |638 
12! El. Maschinenfabrik .. Pe . | 3,500 1,500, 1407 64:8 
| {Maschinenfabrik Ашыг! iio одоо | 1.500 тузо | 645 
E | B.T.H. ... 4% т -. |1911 3,000 | 1,500' 15°96 | 6477 
21. Escher Wyss ... .. 11910 | 4,000 | 1,000! 13°30 |06424. 
22, Escher Wyss ... 1010 2,000 31000 13:03 , 66°0 
| 25; Oerlikon ; ... | IgII | 3,000 1,500 | 11°62 | 641 
26 | British Westinghouse vee EQUI 3,000 1,500 | 13°72 | 63/9 
27, British Westinghouse .. |I9II 5,000|1,500; 13°00 | 079 
28| Richardson Westgarth -. | 1910 ' 6,250 |І, 200 | 11°90 | 684 
| | | І 


From this list it will be seen that the steam consumption has been 


* These tables have been completed and recalculated in accordance with the 
entropy diagrams based on the latest Munich results by Mr. M. Helfenstein. 
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improved from 12°75 lbs. per kilowatt-hour іп 1006 to 11°6 lbs. per 
kilowatt-hour іп 1011; and the total efficiency— 


Actual output on generator 
Mechanical equivalent of heat drop according to adiabatic expansion 


from 63:8 per cent. in 1906 to 66°3 per cent. in 1907, and 68:4 per cent. 
in 1010. This figure has not been improved upon іп 1911. 

The best efficiency on mixed-pressure turbines running on low- 
pressure steam has been obtained on a 1,000-k.w. turbine running at 
3,000 revs. per minute, made by the British Westinghouse Company. 
The efficiency realised in this case was 69:8 per cent. 


IX.—CHANGE OF STEAM CONSUMPTION WITH VARYING STEAM 
CONDITIONS. 


The efficiency of a steam turbine is the ratio :— 


22222222222 Actual work done on turbine shaft — С" 
Mechanical equivalent of heat drop according їо adiabatic expansion 


This ratio is referred to wherever efficiency is mentioned in the 
following discussion. 

In order to compare the merits of different steam turbines, the 
efficiencies as obtained above are usually calculated and compared. 

This, however, does not provide a rational basis of comparison, as 
the efficiency of a turbine is itself dependent upon the steam 
conditions, It is well known, for instance, that the efficiency increases 
with the superheat. 

For this reason the author has adopted standard steam conditions 
to which the performances of all turbines can be reduced by apply- 
ing proper corrections. 

These standard conditions are :— 


For high-pressure turbines, 180 lbs. per square inch gauge ; pres- 
sure, 150? F. superheat, 28 in. vacuum (30 in. Bar.). 

For low-pressure turbines, 16 lbs. per square inch absolute pres- 
surc, o? F. superheat, 274 in. vacuum (30 in. Bar.). 


I. Corrections for Turbines designed for Particular Condition: 
(a) Superheat.—According to our present knowledge the ‘corrections 
to be made for superheat are independent of steam pressure and 
vacuum, and are therefore the same for high-, low-, and approximately 
for back pressure turbines. 

The corrections are as follows :— 

Between— 


o-IOO?F. superheat, 1 per cent. improvement of steam con- 
sumption for every 10? F. superheat. 

100-2002 F. superheat, 1 per cent. improvement of steam con- 
sumption for every 12° F. superheat. 

200-300? F. superheat, 1 per cent. improvement of steam con- 
sumption for every 14? F. superheat. 
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The efficiency increases with the superheat, and consequently 
the actual is larger than the theoretical correction which is calculated 
from the variations of the available heat drop in adiabatic expansion. 

Fig. 36 shows plotted the actual superheat corrections for high- 
pressure turbines together with the change of efficiency, and the 


Coefficient 


Superheat | 


Fic. 36.—Superheat Corrections for High-pressure Turbine 
designed for Superheat. 


mean theoretical correction for steam conditions varying between 
the limits :— 


100 lbs. per square inch gauge pressure, 26 in. vacuum. 
200 » м 1) 29 » a” 


Fig. 37 shows plotted similar values for low-pressure turbines for 
steam conditions, varying between the limits :— 


I4 lbs. per square inch absolute pressure, 26 in. vacuum. 
18 ,, n 29, › 
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The improvements in efficiency may be taken as :— 
4:25 per cent. better efficiency at 100? F. superheat, than for dry 
saturated steam, 
6°75 per cent. better efficiency at 200° Е. superheat than for dry 
saturated steam, 
7°5 per cent. better efficiency at 300° F. superheat than for dry 
saturated steam, 


from which the futility of comparing the efficiencies of turbines 


without a knowledge of the superheat is apparent. 
SERRA 
ЖЕШ КЕКЕ 


ай 


Superheat 


Fic. 37.—Superheat Corrections for Low-pressure Turbine 
designed for Superheat. 


The corrections given have been deduced from a large number 
of tests made on impulse turbines ; they are probably too large for pure 
Parsons turbines, which are unable to utilise high superheat to the 
same extent as impulse or impulse reaction turbines. 

VoL. 48. 54 
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Tests have shown that when the sleam is wet the efficiency is reduced. 
Assuming that the efficiency follows a continuous curve for super- 
heated and wet steam when plotted with entropy as a basis, the 
efficiency will change by 1 per cent. for each 1 per cent. variation in 
wetness. It follows therefore that the steam consumption measured a: 
condensed water will Бе 2 per cent. higher for each 1 per cent. increas 
in moisture. 
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Еіс. 38.—Vacuum Corrections for High-pressure Turbine 
designed for Vacuum. 


(5) Vacuum.—The efficiency of a high-pressure turbine using and 
designed to use a very high vacuum will not be so good as that of a 
turbine of quite similar type, having the same number of stages, but 
designed to utilise a lower vacuum. 

The difference will be slightly larger for drum than for disc 
turbines, as the latter can be designed to use a higher vacuum to 
greater advantage than the former. 

The corrections for high-pressure turbines are given in Fig. 38. 
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The average theoretical corrections obtained by considering the 


adiabatic heat drop available arc plotted in curve A and may be 
taken as :— 


5 per cent. improvement of steam consumption for 1 in. between 
26 in. and 27 in vacuum. 

6 per cent. improvement of steam consumption for 1 in. between 
27 in. and 28 in. vacuum. 

775 per cent. improvement of steam consumption for 1 in. 
between 28 in. and 284 in. vacuum. 

IDS per cent. improvement of steam consumption for т in. 
between 284 and 29 in. vacuum. 


The actual improvement which can be obtained with the present 
design of impulse turbine is :— 


4 per cent. improvement of steam consumption for 1 in. between 
26 in. and 27 in. vacuum. 

5 per cent. improvement of steam consumption for 1 in. between 
27 in. and 28 in. vacuum. 

6 per cent. improvement of steam consumption for 1 in. between 
28 in. and 29 in. vacuum. 


According to these figures the efficiencies of equivalent high-pres- 
sure turbines with the same number of stages using and designed to 
utilise different vacua would be :— 


1 per cent. better efficiency at 26 in. than at 27 in. 


I » » 27 » » 28 » 
I » » 28 » » 284 ” 
2°5 ” ”) 284 » 2) 29 ” 


These figures represent a very fair average for any steam conditions 
between the limits :— 


Steam pressure, roo lbs. per square inch gauge to 200 165. per 
square inch gauge. 
Superheat o? F. to 300? F. 


Whereas the superheat correction is nearly independent of the 
other steam conditions, the vacuum correction depends to a great 
extent upon the steam pressure, and is very much larger for low- 
pressure turbines, the corrections for which are given in Fig. 39. 

The average theoretical corrections for these are :— 


12 per cent. improvement of steam consumption for г іп. between 
26 in. and 27 in. 

1375 per cent. improvement of steam consumption for т in. 
between 27 in. and 28 in. 

17 per cent. improvement of steam consumption for 1 in. between 
28 in. and 284 in. 

22:5 per cent. improvement of steam consumption for I in, 
between 28j in, and 29 in. 
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The actual improvements which can be obtained with the present 
design of low-pressure impulse turbine of similar construction, but 
increased number of stages for higher vacuum, are :— 

II'5 per cent. improvement of steam шаа for I in. 
between 26 in. and 27 in. vacuum. 

13 per cent. improvement of steam consumption for 1 іп, between 
27 in. and 28 in. vacuum. 

145 per cent improvement of steam consumption for 1 in. 
between 28 in. and 29 in. vacuum. 


Coefficient 


Vacuum 


Fic. 39.— Vacuum Corrections for Low-pressure Turbine 
designed for Vacuum. 


According to these figures low-pressure turbines using and designed 
to utilise different vacua give efficiencies as follows :— 
o'5 per cent. better efficiency at 26 in. than at 27 in. vacuum. 
07 » » 27 » » 28 » » 
го » 3) 28 » » 284 » » 
375 ” ” 284 » ” 29 » , 
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The corrections given represent a very fair average for any steam 
conditions between the limits :— 


14 lbs. per square inch absolute — ... "S sie. DRE. 
18 , 5 5 jus D ... 100° F. 


(c) Pressure.—The efficiency which can be obtained with turbines 
having the same number of stages depends also, but in a lesser degree, 
upon the steam pressure. 

When the steam pressure is low not only are the leakage, ventila- 
tion, and friction losses in the turbine smaller, but the blading 
efficiency increases as the total heat drop decreases. 


Fic. 40.— Pressure Correction for High-pressure Turbine 
designed for the Pressure. 


The corrections for pressure in the case of high-pressure turbines 
are shown in Fig. до. 


The average theoretical corrections are as follows :— 


2 per cent. improvement in steam consumption for то per cent. 
increase of pressure between roo and 140 lbs. per square 
inch gauge. 

1'95 per cent. improvement in steam consumption for ro per 
cent. increase of pressure between 140 and 180 lbs. per 
square inch gauge. 

г'90 per cent. improvement in steam consumption for 10 per 
cent. increase of pressure between 180 and 200 lbs. per 
square inch gauge. 
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The actual improvements in steam consumption which can be 
obtained with the present design of impulse turbine are :— 


1'5 per cent. improvement in steam consumption for ro per cent. in- 
crease of pressure between 100-200 165. per square inch gauge. 


According to these figures equivalent high-pressure turbines having 
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Fic. 41.— Pressure Correction for Low-pressure Turbine 
designed for the Pressure. 


the same number of stages, using and designed to utilise different 
pressures, would give improved efficiencies as follows :— 


оға per cent. better at 180 Ibs. per square inch than at 200 lbs. per 
square inch gauge. 

r'o per cent. better at 140 165. per square inch than at 180 lbs. per 
square inch gauge. i 

1'6 per cent. better at тоо Ibs. per square inch than at 140 lbs. per 
square inch gauge. 
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These corrections are a very fair average for any steam conditions 
between o? F. superheat, 26 in. vacuum, and 300° F. and 29 in. vacuum. 

For low-pressure turbines the consumption correction is plotted in 
Fig. 41. | 

The range of pressure met with іп low-pressure turbines is so 
small that the pressure correction for thermo-dynamic efficiency is 
negligible. 

The average consumption correction is as follows :— 


4 per cent. improvement for то per cent. increase of pressure 
between 14-18 Ibs. 


These figures may be taken as а fair average between the limiting 
steam conditions, o? F. superheat, 26 in. vacuum, and roo? F. superheat, 
29 in. vacuum. 

The corrections we have already considered refer to the stcam con- 
sumptions of turbines utilising steam conditions, for which they have 
been specially designed, and are of the greatest importance to the 
purchaser when fixing the steam conditions under which turbines have 
to work. 

In addition to thesc, however, we have to consider :— 

2. Corrections for Turbines running under Condilions different from 
those for which they have been Designed : (a) Superheat.—When a turbine 
designed for definite conditions of load, pressure, superheat, and vacuum 
is tested at a specified load, a rise in superhcat will affect the pressure 
in front of the nozzles because :— 


I. The steam consumption decreases. 
2. The specific volume of the steam increases. 


The steam quantity flowing through a turbine is given by the follow- 
ing formula :— 


G=k/! kg.orlbs/sec. . . . . . . (24) 


Where— 
К =a constant for the turbine. 
p = pressure in front of the nozzles. 
v = specific volume of the steam in front of the nozzles. 


But the law ? v= R T is approximately true. 
Where— 
T = the absolute temperature of steam. 
R = constant of steam. 
= 47'1, if pis in kg.[m.? and T is the absolute tempera- 
ture Centigrade. 
= 85'5, if р is in Ibs./sq. in. and Т is absolute tem- 
perature Fahrenheit. 
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Therefore— 
p? 
SRT F . . е . . . . ” . (25) 
from (24)— 
BR o oos 6 
Gm ) 
ог- 
ИЕ 


In practice, the temperature varies between 700° Е. апа 1,000° Е. 
absolute. 

Now the improvement in steam consumption and therefore the 
decrease in G is 1 per cent. for every 10-14° F. increase in superheat, 


and with the same change of superheat УТ increases by о? per cent. 
Thus the decrease of pressure before the nozzle will be оғҙ per cent. for 
every I per cent. decrease in steam consumption. 

As, however, 10 per cent. decrease in pressure only increases the 
steam consumption by 14 per cent. for high-pressure turbines or 
4 per cent. for low-pressure turbines, the additional change of con- 
sumption due to increase of pressure before the nozzles can be safely 
neglected. 

The superheat corrections for steam consumptions measured at 
certain specified full loads, or partial loads, are therefore the same as 
those already given for turbines designed for the different superheats, 
1.2. -- 


I per cent. improvement of steam consumption for every 10° F. 
superheat between o-100° Е. 

I per cent. improvement of steam consumption for every 12° F. 
superheat between 100-2009 F. 

I per cent. improvement of steam consumption for every 14° F. 
supcrheat between 200-300? F. 


It will be apparent that the difference in turbines of the same output 
and designed for various superheats is negligible. For the reasons as 
stated above the corrections for wetness also remain the same as those 
given. 

(b) Vacuum.—When a turbine designed for a certain load, superheat, 
pressure, and vacuum is tested at a specified load, an improvement in 
the vacuum will affect the pressure in front of the nozzles, because the 
steam quantity going through the turbine becomes smaller. 

If, for instance, an improvement of the vacuum from 27 in. to 28 in. 
causes a decrease in steam consumption of 5 per cent. the steam pressure 
in front of the nozzles will also drop by 5 per cent. 

The turbine will now be 5 per cent. too large for these conditions 
and the steam will be throttled toa greater extent than if the turbine had 
been designed for 28 in. vacuum. The improvement duc to vacuum 
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will therefore be smaller than that already given for turbines designed 
for various vacua. 

In the case already considered 5 per cent. decrease in pressure 
would, for high-pressure turbines, decrease the improvement due to 
vacuum by 4 per cent. 

The improvement will be further decreased because the efficiency of 
the last stages, being designed for 27 in. and working with 28 in., will 
be inferior to that of stages designed to deal with the larger steam 
volumes at 28 in. vacuum. 
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Fic. 42.—Vacuum Correction for Low-pressure Turbines. 


From this it will be apparent that the decrease in consumption of a 
turbine for a certain range of vacuum will depend upon the vacuum for 
which the turbine has been designed. 

The correction for partial loads becomes larger for two reasons :— 


(а) As the available heat drop becomes less the change due to 
vacuum is relatively larger. 

(b) As the total weight of steam flowing through. the turbine be- 
comes less, the blading of the last stages is better able 
to cope with the increased volume due to increased 
vacuum. 
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For these reasons the corrections will be still larger for mixed- 
pressure turbines where the low-pressure part is too large for the 
steam quantity used when running on high-pressure steam. 

Table VIII. gives the vacuum corrections for high-pressure turbines 
and mixed-pressure turbines working with high-pressure steam. In 
calculating these allowance has been made for the additional cor- 
rections considered above. 

For low-pressure turbines the difference between the corrections 
given for turbines designed for various vacua, and for turbines working 
with vacua other than for which they were designed, is still greater. 
If, for example, an improvement of vacuum from 27 in. to 28 in. 
decreases the steam consumption by 13°75 per cent., the steam pressure 
in front of the first guide blades falls by 13°75 per cent. 


Fic. 44.— Turbine-driven Boiler Feed Pump. Тһе British 
Westinghouse Company, 1011. 


As a pressure decrease of 1o per cent. on low-pressure turbines 
increases the steam consumption by 4 per cent. the correction is 
reduced from 13°7 per cent. to about 9'5 per cent. 

The actual corrections for different generator loads of turbines 
designed for 26 in., 27 in., 28 in., and 29 in. vacuum are plotted in 
Fig. 42 for 1 in. change in vacuum above or below that for which the 
turbine is designed. 

When a turbine designed for a given vacuum is run at a lower one, 
it will not supply the designed full load with the “full-load” nozzles 
aud the designed pressure before the nozzles. The total steam quantity 
remains the same, but since the available heat drop is reduced the work 
done will also be reduced. 

If, for example, a turbine is designed for 26 in. and is run at 25 in. 
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vacuum, the maximum load at this vacuum will only be go per cent. 
of the designed full load at 26 in. vacuum. The designed full load can, 
however, be obtained by raising the pressure before the nozzles. 

The maximum loads which сап be obtained with a vacuum 1 in. 
above or below that for which a turbine is designed, provided the 


The British Westinghouse Company, 1911. 


FIG. 45.—Back-pressure Turbine Driving Blower. 


pressure before the nozzles remains the same, are given on Fig. 42 by 
curve B. Curves C and D similarly connect points corresponding 
to } maximum load and 4 maximum load. 

The intercept between a point corresponding to a maximum load, 
and the curve E gives the ratio of the steam consumption at that 
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maximum load to the consumption for 
the full load and vacuum for which the 
turbine is designed. 

Pressure Correciion.—When the steam 
pressure in front of the nozzles is 
increased the steam consumption de- 
creases because of the increase of avail- 
able heat drop. 
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For high-pressure turbines the im- 
provement of steam consump- 
tion is 14 per cent. for Io per 
cent. increase of pressure. 

For low-pressure turbines the im- 
provement of steam consump- 
tion is 4 per cent. for 1o per 

_ cent. increase of pressure. 
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If, however, (һе turbine is working оп 
constant load and the pressure before 
the governor valve is increased, the 
pressure in front of the nozzles remains 
practically constant, and the only ad- 
vantage gained is that due to the in- 
creased superheat resulting from the 
additional throttling. 

In this case the corrections for full or 
partial loads will be the same for high- 
pressure and low-pressure turbines— 
namely, o'5 per cent. improvement of 
steam consumption for every IO pcr 
cent. increase of pressure. 


The British Westinghouse Company, 1011. 
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X. DEVELOPMENT OF ROTARY MACHINES 
DRIVEN BY STEAM TURBINES. 


The most economical speed for small 
low-lift pumps and high-lift pumps is 
too high for reciprocating engines, and 
it was therefore necessary to drive these 
either by belt, gearing, or by means of 
electric motors. The advent of the 
steam turbine, however, made direct 
coupling possible, but it necessitated the 
further development in these pumps so 
that the speed might be sufficiently high 
to enable a reasonably efficient turbine 
to be built at a competitive price. 

The advantages of steam-driven 


Fic. 46.—Mixed-pressure Turbine Driving Compressor. 


Mr. Stoney. 
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pumps are often of great importance in the case of pumps used 
for condensing plants. A view of such a group for use with a surface 
condenser is given in Fig. 43, which shows a turbine on an overhung 
shaft driving a centrifugal pump with two double-flow impellers of the 
helico-centrifugal type, a rotary air pump of the Le Blanc tvpe, 
and an extraction pump consisting of onc double-flow impeller. 

This set, which is running at 2,500 revs. per minute, is used in con- 
junction with a 3,000-k.w. mixed-pressure turbine for a full-load stcam 
quantity of 80,000 Ibs. per hour. 

A section of a horizontal turbine driving a boiler fecd pump running 
at 4,000 revs. per minute is shown in Fig. 44. 

The influence of the steam turbine towards the development of 
rotary blowers, and particularly of compressors, has been of still 
greater importance. 

Fig. 45 shows a section of a double-flow blower consisting of six 
wheels, driven by a back-pressure turbine, which latter consists of a 
single velocity wheel mounted on the end of the blower shaft. The 
capacity of this blower is 25,000 cub. ft. of free air per minute 
against a pressure of 64 to 8 165. per square inch, which is the average 
capacity for blowers in this country. The power required to drive it 
is about 1,000 B.H.P., at 3,000 revs. per minute. 

Whereas blowers may be arranged to be driven by motors, com- 
pressors must generally be driven by turbines as the high speed: 
required (4,000 revs. per minute at 1,500 B.H.P., or 5,000 revs. per 
minute at 1,000 B.H.P., and 6,000 revs. per minute at 600 B.H.P.) 
can only satisfactorily be obtained by steam turbines The economy 
of turbo-compressors is very high, more particularly if low-pressure 
steam is available for driving the turbine. Fig. 46 shows a mixed- 
pressure turbine of 1,500 B.H.P. at 4,000 revs. per minute, driving a 
compressor for an air quantity of 7,500 cub. ft. per minute against 
80 Ibs. per square inch pressure. The compressor consists of twenty 
stages arranged in two casings. 

The thanks of the author arc due to the British Westinghouse 
Company for the preparation of a great number of the blocks required 
for this paper, also to Mr. M. Helfenstein for the completion and re- 
calculation of the test results, to Mr. H. L. Guy for the calculation of 
the diagrams, and to Mr. C. S. Richards, for his very valuable advice 
with regard to the wording of this paper. 


DISCUSSION. 


Mr. GERALD STONEY: The remarks which the author makes as to 
the necessity of dealing with high superheat and the prevention of 
trouble due to this high superheat—from differences of expansion, and 
also on account of the growth of cast iron—apply both to the pure 
Rateau and to the Parsons' turbines. The trouble due to the growth 
of cast iron is well known among the makers of gas engines, etc., and 
was investigated by Professors Rugan and Carpenter in 1909.* About 

* Fournal of the Iron and Steel Institute, vol. 80, p. 29, 1909. 
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the same time Messrs. C. A. Parsons & Co. met with the same 
trouble in steam turbines, and investigated it in conjunction with 
Mr. J. E. Stead, and although it was well known such growth took 
place at temperatures of 600-700? C., it came as a great surprise to 
find that this took place also in the presence of steam at such low 
temperatures as 270-300? С., or the temperature of ordinary super- 
heated steam. There are two ways to get over this trouble. One is to 
use an impulse-wheel in which, by the approximate adiabatic expan- 
sion of the steam, the temperature is reduced below a point where 
such growth of cast iron is liable to take place. The other is to use 
material which will not distort permanently with superheated steam 
—a steel casting is such а material—and in all recent turbines of the 
pure Parsons type in which there is high superheat the centre portion 
of the casing is made of a steel casting ; this has proved able to get 
completely over the trouble due to superheated steam. Although we 
use in our pure Parsons turbines a steel centre, I may say we alter- 
natively usc a Curtis wheel followed by the ordinary Parsons blading. 
I should expect the differences of expansion in a pure Rateau turbine 
due to superheat would be even greater than in a pure Parsons 
machine. As to whether it is best to deal with superheated steam by a 
steel centre in a pure Parsons turbine, or by an impulse-wheel in the 
disc-and-drum type, this is chiefly a matter of choice. At present the 
impulse-wheel is fashionable—there are fashions in turbines as well as 
in everything else in the world—and makers of turbines have to go 
with the fashion and provide their customers with an impulse-wheel— 
but I may say in no case have we got a better consumption nor have the 
costs of manufacture been reduced by the use of an impulse-wheel. 
If we turn to Fig. 10 in the author's paper we see that the maximum 
efficiency of a single row of blades is about 80 per cent., and this figure 
applies equally to the Rateau and to the Parsons turbine. The 
maximum efficiency under the best conditions of a two-row Curtis 
wheel is 67 рег cent., but we may say that we have found that under 
the conditions under which it has to workat the high-pressure end of a 
turbine the efficiency is as low as 42 lo 45 per cent. on account of 
the small arc of impingement and the high skin friction of the disc 
running in steam at considerable pressure. It wants very short 
Parsons blades with very big clearances to get as low an efficiency as 
this, and the high-pressure part of the pure Parsons turbine is practi- 
cally always superior to this figure, and therefore it is possible to get the 
consumption of the pure Parsons turbine as a whole better than that 
of the disc-and-drum type. With regard to the cost of manufacture, 
we have found that there is little to choose between the two types. 
The disc-and-drum is working under the most favourable conditions in 
moderate sizes running at high speed, say 750 to 1,500-k.w. plants 
at 3,000 revs. per minute ; but when we come to slow speed the result 
becomes much worse. For instance, a 1,000-k.w. at 1,500 revs. per 
minute as a disc-and-drum is decidedly worse than a pure Parsons. 
In coinparing different sizes it will have to be remembered that, as 


Mr. Stoney. 


Мг. Stoney. 


844 BAUMANN: RECENT DEVELOPMENTS IN [16th Jan., 


the author states, the output of turbines is approximately inversely 
as the square of the revolutions. The disc-and-drum is useful also in 
cases where a turbine has to be put into a restricted space, as some- 
times happens in connection with the extensions of old stations, but in 
cases where a new Station is being laid out this does not come in, as 
the area taken by the turbines is a very small part of the whole station, 
which includes boiler house, switchboard, etc. The disc-and-drum is 
also useful in small sizes—say 500 k.w. at 3,000 revs. per minute—where 
there is a very high boiler pressure of 180 to 250 lbs., in which case 
the pure Parsons turbine cannot take the full benefit of the boiler 
pressure, 

Another point to be considcred is the cutting of the impulse 
blades due to the high velocity of the steam. This is not so much 
the case if there 1s always high superheat, but with moderate super- 
heat, or with saturated steam, it is very rapid. We have tested 
Curtis blading in a jet of saturated steam issuing at 150 lbs. and 
exhausting into the atmosphere, and no material, even the hardest steel, 
will stand this jet without being cut for a space of only 45 hours. 
Many'of those present, no doubt, will have seen the illustrations that we | 
have shown of a file that has been cut by such a jet of steam. Several 
warships have been fitted with Curtis wheels, and in them it has been 
found that the cutting of blades has been very rapid. One battle- 
ship showed such bad cutting of the blades, even after it had only 
completed its trials, that it was estimated that the blades would require 
renewing by the time the vessel reached the other side of the world. 
I am much interested in what the author says about carbon glands 
not being as reliable as labyrinth. Of course I have had no experience 
dealing with such high pressure on glands as there is in the pure 
Rateau turbine, but we have never had any trouble with our labyrinth 
glands with pressures up to 20 or 30 lbs. above atmospheric. Тһе 
author says that for large outputs the Curtis and Rateau turbines are 
the better because the disc-and-drum type would have to be made 
double-ended in the low-pressure part, which would considerably 
increase the cost of the turbine. This is a statement, I am afraid, that 
I cannot agree to. For larger sizes we have adopted the tandem 
formation of turbine, which was first introduced for the 1,000-k.w. 
turbines which we supplied to Elberfeld, in Germany, and recently 
we have made eight 6,000-k.w. turbines for the Lot's Road power 
station of the Underground Railway Company, of London, to replace 
other turbines which were there, and may say they have brought down 
the coal bill from somewhere about 31 lbs. per kilowatt to 2}, and that 
practically the cost of the change has been already saved. These 
turbines are of the pure Parsons type, and thus the efficiency that was 
obtained, even in the high-pressure part, was higher than could be 
obtained with a Curtis wheel. Dividing the turbine into two parts 
enables the spindles to be kept very short ; in fact, at Lot's Road the 
length between the shoulders of both the high-pressure and low-pressure 
spindles does not exceed 7 ft. Also іп the small high-pressure cylinder, 
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the whole of the high temperature is dealt with, and thus distortion is 
minimised ; besides this a steel centre can be used. Good blade- 
height is obtained, and therefore the leakage is small. In larger 
sizes there is no difficulty at all about double-ending, and we have not 
found that it appreciably increases the cost. We do not think it advis- 
able to go above moderate speeds for the low-pressure blades on 
account of the large terminal loss, as pointed out by Mr. Baumann, but 
in certain cases, where it was desired to go to higher speeds, we have 
adopted a disc form of spindle, which we have used for blowers for many 
years, and with which there is no difficulty in going to the same speeds 
as with the wheels of a Rateau turbine. For large sizes, such a combina- 
tion of a small Parsons high-pressure turbine in tandem with a low- 
pressure, single- or double-ended, exceeds the efficiency of any 
combination with a Curtis wheel. I may further say that in every case 
during the last year we have got our guaranteed consumptions on test, 
except in one case of a disc-and-drum machine. 

The author further says that he does not consider caulked-in blades 
to be safe for high stresses. This, again, I must beg to differ from, as 
we have never yet had a case of blades coming out due to centrifugal 
force, except in one or two cases which were clearly traced to bad 
workmanship. In tests made on our blades it is quite common for 
the blade to break off rather than pull out. From what I have before 
said, it will be seen that the maximum output of the Parsons 
turbine is the same as that obtainable from the disc turbine, and 
I may say that Fig. 23, which is a most interesting way of putting the 
question, practically agrees with our figures, and is equally applicable 
either to the drum or to the disc type of turbine. With reference to 
what the author says about critical speeds, I think the way he has put 
it is clearer than I have ever seen it before, and I am much interested 
in the statement that it has been found necessary to keep the Rateau 
turbine below the first critical speed. I know that in the past there 
has been great trouble with the diaphragms of the Rateau turbine 
where clearances have to be very fine. It is necessary in any type 
of compound turbine to have fine clearances at some point between 
one stage and the next. In the Rateau and Curtis turbines this is in 
the glands of the diaphragms, and in the Parsons it is between the 
blades and the casing or rotor. Each party, of course, claims that 
their way is the best, but I think, looking at it broadly, there is not 
much to choose between the two. What the author says about there 
being liability to trouble with three-bearing turbines and alternators 
where they are rigidly coupled together is very interesting in view 
of the great trouble there has been in some large turbines in the North 
of England that are made in this way. With reference tolow-pressure 
turbines, the author says that the great importance of these was pointed 
out by Professor Rateau, who first installed them in 1903. I would beg 
-to refer him to Sir Charles Parsons’ patent in 1894, which had been, 
until it expired, the master patent, and I may say that the torpedo-boat 
destroyer Velox was built in 1902, in which for cruising purposes there 
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Mr. Stoney. were reciprocating engines exhausting into the turbines. ‘lhe table 
of consumptions which the author gives is most interesting and com- 
plete, and I am glad to see that the list is headed with 68:4 per cent. 
efficiency in the Richardsons-Westgarth Parsons turbine at Dunston, 
which is of the pure Parsons tandem type as described above. The 
tables of corrections for superheat and vacuum are very interesting, 
and practically agree with our figures, but I cannot agree with the 
author where he states that the Parsons turbine cannot utilise very 
high superheat, the figures he gives being exactly in accordance with 
our practice. Also he says that the drum turbine cannot be designed for 
as high a vacuum as the disc turbine. I have already shown the fallacy 
of this statement, and may say that the overall efficiency of a properly 
designed Parsons turbine is as good for 29 in. as 27 in. vacuum, 
and this is amplified in the tests of the above Richardsons-Westgarth 
Parsons turbine, which had a vacuum of 2071 in, barometer 30 in., or 
only 0°45 lb. absolute. The author does not touch on the most recent 
adaptation of the turbine to drive slow-speed machinery by the use of 
helical gearing. The Westinghouse Company in America have already 
utilised it for driving continuous-current dynamos, and we are doing 
the same. We have working also a rolling mill running at 70 revs. рег. 
minute, driven by a 750-H.P. turbine at 2,000 revs. per minute, and in 
marine-turbine work gearing is being extensively adopted. The ex- 
perimental cargo boat Vespasian is giving 15 to 18 per cent. better con- 
sumption than could be obtained with reciprocating engines, and two 
destroyers and two cross-channel boats are also being fitted with gear 
turbines. І 

is Mr. F. SAMUELSON : On looking through the paper I find no mention 

Samuelson. . . : ó NDA ў 
is made of a Curtis turbine being built in this country, although no less 

than 138 machines have been shipped from Rugby ranging in sizes 

from 200 to 5,000 k.w. In Fig. ro the author gives curves of calculated 
efficiencies of Ratcau and Curtis wheels, i.c., wheels with one, two, and 
three rows of buckets. If the efficiencies there given corresponded 
with actual efficiencies as now fully determined by numerous tests, the 
single-wheel construction would be so far superior that any other type 
would not exist. That this is not the case is clear from the table given 
in paragraph 8, where a large number of machines are compared, and 
taking the 3,000-k.w. 1,500 revs. per minute turbine for comparison 
we find that the B.T.H. Curtis turbine shows the highest efficiency. 
The author gives some interesting particulars about the stresses in 
turbine whecls of different designs, and also gives formulze for calcu- 
lating these stresses. In Fig. 22 curves are given of the tangential and 
radial stresses in turbine wheels, but no mention is made of a very 
important factor, viz., thc expansion of the wheel-bore due to these 
stresses, and the formule provided by the author do not enable us to 
get at these expansions. Of the examples given by the author under 

Fig. 22, І calculate that wheel “А” would expand in the bore 

0'0054 in. while wheel “C” would expand 00043 in. in diameter. 

This expansion in the bore must be studied carefully, or trouble will be 
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experienced from loose wheels. Under paragraph 6 on governing of 
steam turbines, the author states that the nozzle governing complicates 
the governing gear to an extent not justified by the increased efficiency 
gained thereby. I would point out that all Curtis turbines built in 
Rugby are nozzle governed, and that the governing gear is well known 
for its simplicity and its certainty of action. The author states that by 
means of nozzle governing an improved efficiency of 2 per cent. is 
obtained at 3 load, and 4 to 5 per cent. at } load. These improvements 
are surely worth having, as 4 to 5 per cent. represents quite a big 
amount in the coal bill in the course of a year. Further, a machine 
which is perfectly automatic and does not require any manipulation 
from the station attendant, either from change in load or change 
in steam conditions, such as drop in pressure or drop in vacuum, is 
a valuable feature in the station, and it may be prophesied that all 
turbine builders will adopt this method as soon as circumstances permit. 
The value of mixed-pressure machines is daily getting more understood 
and appreciated, as pointed out by the author in stating that nearly до 
per cent. of the orders executed by the British Westinghouse Company 
are for mixed-pressure turbines. About the same percentage applies to 
the turbines built by the British Thomson-Houston Company at Rugby. 
Most of these mixed-pressure machines are operated in conjunction 
with some type of heat accumulator, and in connection with these 
machines I wish to draw attention to a very important feature, viz., the 
utilisation of the exhaust steam available under all conditions. Тһе 
low-pressure end of the turbine being connected to an accumulator, the 
maximum pressure is fixed at which the accumulator can regenerate the 
steam. Taking the case of a 1,000-k.w. mixed-pressurc turbine such as 
is illustrated in the paper in Fig. 30, and assuming that the accumulator 
will generate at a maximum pressure of 16 lbs. absolute and that the 
machine requires 33 lbs. of steam per kilowatt-hour, the maximum total 
amount of steam passing through the low-pressure part of the turbine 
would be 33,000 Ibs. of steam per hour. In other words, the nozzles in 
front of the turbine are designed to deal with full load at a maximum 
pressure of 16 lbs. If an overload is demanded of the machine while 
33,000 Ibs. of exhaust steam is available, and we assume this overload to 
be 25 per cenL, it will be impossible for the steam coming from the 
high-pressure portion of the turbine to find its way through the low- 
pressure wheels, and at the same time admit the full quantity of 
33,000 lbs. of low-pressure steam. It may be further assumed that the 
steam consumption on the high-pressure part of the turbine working be- 
tween, say, 165 165. and 16 lbs. absolute is about до Ibs. per kilowatt-hour. 
The low-pressure nozzles are already dealing with the maximum steam, 
and any further steam coming from the high-pressure wheel must find 
its way out of the system through the relief valve in the low-pressure 
pipe system, or, in other words, the accumulator will not be able to 
supply its available quantity of steam. 250 k.w., the overload, at до lbs. 
per kilowatt, represents 10,000 lbs. of steam, so that instead of being 
able to discharge at the rate of 33,000 165. per hour, the accumulator can 
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only discharge 23,000 Ibs. per hour, the available surplus of 10,000 Ibs. 
being blown to atmosphere from the relief valve. To overcome this 
difficulty, the British Thomson-Houston Company have designed a 
mixed-pressure turbine wherein this objectionable feature is absent. 
From Fig. A it is seen that entirely separate nozzle openings are pro- 
vided for the low-pressure steam, capable of giving the full output of the 
machine at the desired pressure. If the machine is called upon for an 
overload, high-pressure steam passes through the first wheel, then 
through separate nozzles in front of the second whecl, and mixes with 
the low-pressure steam in front of the third-stage nozzles. By this 
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arrangement there will be no interference with the low-pressure steam, 
the turbine continuing to do full load on low-pressure steam as long as 
this quantity is available, at the same timc doing the 25 per cent. to 
50 per cent. overload with the assistance of the high-pressure steam 
without interference with the low-pressure supply. In the mixed- 
pressure turbine, as shown in Fig. 30 in the paper, it will be obvious 
that while the machine is running on pure exhaust steam the two high- 
pressure wheels will be running idle in steam, of a density equal to 
that in front of the low-pressure nozzles, :.e., about 16 Ibs. absolute. 
Referring to the diagram of the B.T.H. mixed-pressure machine, the 
author pointed out that while the machine is operating on pure low- 
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pressure steam the first stage wheel will run idle in steam of density 
equal to that of the density in the second stage, i.e., about 5 Ibs. 
absolute. This reduced steam pressure in the first stage cuts down the 
losses from disc friction and windage to 4 as compared with steam at 
16 lbs. absolute. A further advantage is that when running as a pure 
high-pressure machine the nozzle arcas and pressures can be main- 
tained correct for both first and second wheels with correspondingly 
good efficiency, while in the design shown on Fig. 30 the whole of the 
low-pressure end will have too large nozzle areas giving incorrect 
velocities and poorer efficiency. In paragraph 8 the author states that 
the best efficiency of mixed-pressure turbines running on low-pressure 
steam has been obtained by the British Westinghouse Company, the 
efficiency being 608 per cent. Details of this and other mixed and 
low-pressure test results are given in Table VII., and it will be noticed 
that this efficiency of 69:8 per cent. has been obtained with the assist- 
ance of 128° F. superheat. In paragraph о the author deals with 
corrections for superheat, vacuum, and pressure, and there makes a 
statement that 4'25 per cent. better efficiency is obtained with 100% F. 
superheat than with dry saturated steam on low-pressure turbines. 
Referring to Table VII., tests are given of a B.T.H. 1,250-k.w. mixed- 
pressure turbine ; the efficiency on low-pressure steam is given of 68:2 
рег cent. with 24° Е. superheat. Assuming that this B.T.H. turbine 
had been running with 128° Е. superheat, and applying the author's 
corrections, the efficiency would increase from 68:2 per cent. to 71 
per cent. 

Mr. R. J. KAULA: Perhaps the most important section of the paper 
deals with the relative merits of the disc and disc-and-drum type 
turbines, and as the largest makers of turbines of the latter type in this 
country I think our designs might have been referred to. I quite agree 
with the author that for small and moderate-size turbines the disc-and- 
drum type is the best design—assuming the drum to be bladed on the 
reaction principle; but I would like to go one further and say that 
the same relation holds for large outputs. The author's arguments 
against this statement are based on two main facts: viz., that the output 
for a given speed is limited by the heavy losses, and consequently by 
the diameter of the disc or drum at thelow-pressure end; and secondly, 
that a drum cannot be run at so high a peripheral speed as a disc. As 
regards the first assumption, I think some allowance must be made for 
skin friction losses, and as these vary approximately as the 5th power 
of the diameter on the disc, and about as the 4th power on a drum, we 
have an advantage here in favour of the drum construction. The author 
asserts that a disc without a hole in the centre can be stressed higher 
than one containing a hole, and I consider that a solid drum should be 
treated as the former. The question of homogeneity can be dealt with 
otherwise than by allowing only half the stresses, as suggested. Mr. 
Stoney has already described another useful method of construction. 
Consequently, we are able to work to at least equally low exhaust losses 
with a disc-and-drum design as with discs, with the further advantage 
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of lower skin-friction losses. The well-known Willans method o 
blading lends itself admirably to high-speed working, and as a fact we 
find that we are generally able to keep one ahead of our friends the 
generator makers on the output speed curve without sacrificing 
economy and without adopting double-flow designs. Turning to the 
question of efficiency, I am very pleased to see the author adopts the 
only correct method of comparison by making proper efficiency 
corrections for varying superheats and vacua. We hear far too much 
about extraordinary efficiencies and steam consumptions without алу 
reference being made to the steam conditions. The total efficiency. 
or overall efficiency ratio, is the figure that concerns the user. Table V. 
is of exceptional interest to me, as this gives the efficiencies which 
have been obtained on Curtis-Rateau turbines, presumably under 
favourable conditions. This shows a maximum efficiency of 67:9 per 
cent. for this design. I take it, therefore, that this is as good a figure 
as may be expected from this type of turbine unless the output is 
increased or unless the steam conditions arc more favourable. Mv 
firm and I have refrained from publishing results obtained on the disc- 
and-drum type turbines, and whilst I have no intention of departing 
from this practice, I may refer to our first experience with this design. 
This consisted of converting an existing turbine of the plain Parsons 
type to the disc-and-drum construction, and I think that it will be 
admitted that the result of an alteration of this description can hardly 

be expected to show the new design to best advantage. Yet even so 

we were able to get within 2 or 3 per cent. of the maximum efficiency 

shown for a Curtis-Rateau turbine, viz., 67:9 per cent. We have 

naturally been able to improve this design to a considerable extent 

since that date. 

With very few exceptions, test results do not take account of the 
amount of water contained in the air discharged from the condenst. 
The amount of water in question is approximately equal to that con 
tained in saturated air, or at the temperature and pressure at which the 
air is separated from the main body of water condensation. With 2 
wet air pump, such as the ordinary Edwards type, the pressure is tha 
of the atmosphere. With a dry air pump, such as all rotary pumps 


now on the market, the pressure in question is that at the air pump : 


inlet, 4.е., the vacuum pressure ; assuming, for instance, a temperature 
of 8o? in both cases, and atmospheric pressure of 1477 lbs. absolute, and 
a pressure of 1 Ib. absolute as the inlet temperature to the condenser, 
then a ratio of the quantities of water per unit of air is 33 to 1. It 
follows that whilst the quantity of water then dealt with is negligible in 
the case of a wet air pump, it may be appreciable in the case of 3 
rotary air pump. Mr. Stoney has commented unfavourably on the 
disc-and-drum design, and considers that the call for this design is 
merely a fashion. Like all other fashions, it is a matter which one has 
to get used to, or, inother words, one has to buy one'sexperience on the 
particular design. We have now managcd to get used to this fashion 
and to like it in so far as we find that we are able to get a better 
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efficiency with the disc-and-drum type than we can obtain on a plain 
Parsons design, and moreover, the greater reliability is decidedly 
marked. 

Mr. S. J. Watson : In considering the paper from a turbine-user's 
point of view, I think we have to look first of all at the results, and 
although I have very carefully considered the tables placed between 
pages 826 and 827, I find it almost impossible to say which of the 
different makes of turbines is likely to give the best results. As far as 
I am able to judge, there is practically no difference between the types 
cither in the steam consumptions or in the efficiencies ; the final 
choice, therefore, to a large extent, depends on the reliability of the 
machines under working conditions. In the past I must admit—as the 
point has been raised by many other speakers—it has not always been 
possible to get the exact conditions under which test-figures have been 
obtained, and the information given by the author concerning the 
adjustments which must be made when the vacuum or the superheat 
vary from a certain standard, is of considerable value, and will be 
found most useful to many of us. One of the most important points in 
the paper 15, I think, that dealing with critical speeds. If, as the author 
says, our critical speed is below our running speed, we have to run 
through the critical speed in order to get the machine running at the 
speed for which it is built. I have a case in mind where the critical 
speed occurs at about two-thirds the working speed and it occasionally 
happens when running up that vibration occurs and the plant has to 
be slowed down and then restarted. Sometimes this course has to be 
adopted two or three times. The amount of vibration set up at thc 
critical speed appears to depend toa large extent on the rate of accelera- 
tion through which this speed is passed. Table I., on page 796, clearly 
sets out the difference in the steam volume with a vacuum of 27 to 29 in. 
The volume at 28} in. is double that of 27 in., and illustrates very 
clearly why it is that such good results cannot be obtained with a 
high vacuum with reciprocating engines as with turbines. The low- 
pressure cylinders of a reciprocating engine would have to be at least 
doubled in size for 28} in. as compared with 27 in. in order to get the 
results which are readily obtained from the design of all makers of 
steam turbines where ample low-pressure areas сап so easily be con- 
structed. There is another point I should like to refer to in connection 
with the use of velocity wheels. The author appears to deprecate the 
cutting-out of nozzles at light loads. This is a question of considerable 
importance to undertakings who have ito run their machinery during 
some portion of the day at loads very much under full load. Many of 
those present may remember that in the past there have been many 
discussions on the difference between the throttle governing and 
automatic expansion governing in connection with reciprocating 
engines, and I take it that this question of nozzle governing or throttle 
governing is of a similar character. If the steam consumption can be 
reduced at light load by 4 or 5 per cent. by means of either hand- 
operated or governor-controlled nozzles, the question becomes of no 
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little importance, and cannot well be overlooked. АЁ the bottom 
of page 781 the author states that the “efficiencies of velocity wheels 
with more than three rows are still worse, and they are therefore noi 
used except for marine turbines.” I think marine engineers are 
as keen on high efficiencies as we are, and I am therefore unable to 
understand this expression. 

Dr. E. RosENBERG : One striking feature of this paper is its absolute 
fairness, and I do not know whether that has been recognised sufficiently 
in the discussion so far. "This fairness applies to the relative merits of 
the different systems as well as to the curves for correction of steam 
consumption under different conditions, and to the comparison of the 
best results obtained. When a man gives, as the author has done in 
the table on page 826, thc best overall efficiency obtained with turbines 
and generators as 68:4, and the best efficiency obtained on machines oí 
his own designs 67:9, that speaks volumes, because whoever knows how 
frequently figures for publication are juggled about will recognise how 
easily the author could have made “ corrections " amounting to a little 
bit above 4 per cent., and so headed the list. But he was quite satisfied 
with absolutely fair figures to state that his record is 1 per cent. under 
the best record. As the figures given in this table include the gene- 
rator efficiency, I would mention that the electric machine of the 
No. 27 set is a 2-pole machine for 25 cycles, and that the efficiency of 
such a generator is slightly lower than that of a 4-pole machine (No. 28 
set). Whether the turbines designed by the author have the very best 
overall efficiency or stand 4 per cent. back, anyhow, the author has the 
remarkable record that not one turbine designed by him exceeded the 
guarantees given, which proves that he is not only a very successful 
but also a very conscientious designer. On page 817 it is mentioned 
that with exhaust turbines, for starting and paralleling, generally high- 
pressure steam is required, which is either regulated by hand ог bv a 
mechanical governor. I would just mention an interesting installation 
where the necessity of high-pressure starting has been avoided Бу а 
novel electrical arrangement. The Birmingham Corporation, when thev 
considered installing exhaust turbo-generators to increase the output of 
their Summer Lane station, intended installing induction generators 
with squirrel-cage rotors which should work in parallel with the engine- 
driven alternators, being brought up in speed together with the altcr- 
nators, no high-tension switch being provided for the turbo-generators. 
Going closer into this very ingenious scheme, I found that the wattless 
current of the additional load, and also the magnetising current of the 
induction generators, would overload the engine-driven generators with 
wattless current to such an extent that this installation would have 
been only possible on a few of the sets if all the other existing engine- 
type generators could be used to help out with wattless current, but 
that it could not be used as a general proposition. We obtained, how- 
ever, the desired result by supplying synchronous turbo-generators 
with exciters direct-coupled to them and connecting the exciter field in 
parallel to the field of the main generator, The rotor of the turbo- 
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generator is also fitted with a damper. Before starting, the field of the 
main generator is excited. In running up to speed the turbo-rotor can 
never have a speed much different from the speed corresponding to 
that of the main generator, because the damper acts as a squirrel-cage, 
and if the exhaust steam gave insufficient power in the turbine, the 
damper would cause the turbo-generator to run as an induction motor, 
or if the power of the exhaust steam in the turbine is more than that 
required for the no-load losses (and that, of course, will be the rule), the 
damper will cause the machine to act as an induction generator, giving, 
at slight over-synchronous speed, some power back into the main 
generator, so helping to drive it. But already at comparatively low 
speed the direct-coupled cxciter gives sufficient E.M.F. to pull the 
turbo-generator into exact synchronism, and it will remain in syn- 
chronism. This arrangement—which has been patented—not only 
simplifies the starting so far as the steam end is concerned, but also 
simplifies considerably the switchgear, as no switches are provided on 
the high-tension side. So far as the exciter field of the turbo-generator 
is concerned, there is only an adjusting rheostat, which can be set once 
for all. It was necessary in this case to use a direct-coupled exciter 
because the exciting voltage of the main generators (440 volts) is not 
suitable for a turbo-generator. АП the main generators of the station 
are supplied from common direct-current exciter mains, the exciter 
generators being regulated by means of a Tirrell regulator. These direct- 
current generators were practically loaded up to the utmost of their 
capacity. Two of these exhaust turbo-generators (Bellis and Morcom 
turbines with Westinghouse generators) are in service, and three others 
are being installed. 

Mr. P. A. SANDERS: I would suggest that as the previous speakers 
represent a large portion of our turbine talent in this country, and 
since they have all so far stated that the correction figures given by 
. the author agrec almost entirely with thcir own, his figures could be 
taken as a standard to work upon, when firms publish their results of 
tests, so that at a glance the figures could be compared with previous 
results of other makes. Such an arrangement would be extremely 
useful to buyers. I do not altogether agrec with what.the author says 
on page 805 concerning disc and ordinary drum construction. My 
experience is that the latter gives very much more trouble in balancing 
when “out” than the former, as in the latter the static balance hardly 
ever agrees with the running balance, duc to the fact that the balancing 
arrangements of the drum type are confined to the two ends of the 
same, whereas the out-of-balance mass may be located far away from 
the ends, and then couples and strains are produced in the drum ; in 
the disc type, on the other hand, each one can be separately balanced, 
thereby ensuring that the out-of-balance mass is compensated for in its 
own plane of rotation. It is much harder to detect “inhomogeneity” in 
drums than in discs, and there is much more chance of its existence, 
and any unsoundness or inaccurate machining has much more effect 
upon the balance with drums than discs. I have never found a case 
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where an accurately statically balanced sct of discs had to be rebalanced 
for running. These remarks I have not found altogether true for 
vertical shafts. On page 807 the author mentions the critical speed of 
shafts. I think an equally important critical speed is that of the discs, 
because of the effect the steam may have upon them when. running, 
due to the position of thc openings in the preceding nozzles or 
diaphragm. This critical speed can be easily found staticallv bv 
means of a vibration tachometer. Mr. Stoney has mentioned the 
splendid -results of the turbines installed by his firm at Chelsea. I 
agree with him the results are splendid. But if a glance is cast at the 
table the author has given us, it will be seen that therc are many firms 
to-day who are building turbines equalling the Chelsea ones. I think 
it would be surprising indeed, with all the intellect and experience 
lately brought to bear upon the turbine field, if the original figures 
given for Chelsea some ten years ago could not now be greatly 
improved upon. And I venture to say that the present position of 
turbine efficiency is largely due to the high state of condenser manu- 
facture, particularly with regard to Chelsea. I think that the greatest 
credit is due to the original manufacturers of the Chelsea machines, 
because they proved absolutely that these enormous units could be 
manufactured satisfactorily as long ago as nine years. Reference has 
been made to cutting of blades by steam velocity in turbines of the 
compounded pure impulse type. I have just lately been carrying out 
a very carcful investigation on this, and have had very many turbines 
of this type opened up in the last few months, turbines of all sizes and 
running under all conditions of service. The investigation shows that 
after very many months of service not one of them has manifested anv 
distressing signs of cutting due to this cause. The author has men- 
tioned that the General Electric Company of America and their several 
associate companies have decided to do away with the vertical shafts 
in their turbines. I am sorry to hear this, because I know the Curtis 
vertical machine to be a very excellent one mechanically, which has 
done great service in the States and elsewhere. I believe that a large 
portion of the trouble which has been experienced in this country with 
this type of spindle is duc to erection, which I think, if not perfect, is 
fatal to this type. 

Mr. A. E. McKENZIE: As a user of two of the largest impulse 
turbines in the country, I rise to say something on behalf of that 
particular type of turbine, because so far we have only heard the 
makers of the other types. There is apparently no onc here to uphold 
the impulse type. It certainly must be admitted that the Curtis- Rateau, 
or the Curtis-Parsons, ought to be made cheaper than the plain impulse 
type. On the other hand, we have found when obtaining competitive 
tenders that impulse type makers in this countrv are quite able to hold 
their own with regard to price against makers of the other types 
mentioned. I think it is generally admitted that a slightly higher 
efficiency to start with can be obtained with the plain impulse type, 
and also that, due to the absence of blade erosion, the efficiency is 
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maintained longer with the impulse type than with either of the other 
types. I was very pleased to hear what Mr. Sanders said with regard 
to the machines he had inspected—that no blade erosion had taken 
place; such has not been my experience, I am sorry to say. With 
regard to the machine that we had altered—I speak of the 6,000-k.w. 
set at Stuart Strect—from the plain drum to the combined disc-and- 
drum type, I am very pleased to say that it has been a complete 
success, and it is certainly now a reliable machine in every way. As 
regards the governing arrangement of our disc-and-drum turbine, | 
support Mr. Watson in what he said. I think control of the number of 
nozzles is desirable. We have a large number of reciprocating engines 
and turbines, and find it pays to run turbines from one week-end to 
another, and the reciprocating engines are kept for the peak load. 
Frequently the turbines are running at only half their rated output at 
times of light load, and the number of nozzles is regulated accordingly. 
I do not, perhaps, sec cve to eye with Mr. Samuelson when he states 
that the regulation of the nozzles should be automatic. I do not think 
it is necessary in stations of moderate size. We have, in Manchester, 
to deal with fogs as bad as most people get, but there is always time to 
open the nozzles to deal with the rising load. I have no doubt that 
most of the engineers present here to-night were very glad to hear 
Mr. Stoney say that the stripping of reaction turbines can now be 
absolutely prevented. I know one station engineer on the Continent 
will be pleased to hear of it, for in November last he had three 
5,000- k. w. sets down at one time through blade-stripping. А friend of 
mine actually saw them. For the blading nickel steel has been largely 
used in this country in late years, while on the Continent I understand 
bronze or brass blading is growing more in favour. Where nickel 
blading is used, the percentage of nickel is often as high as 25. With 
regard to the effect of high temperatures in the Zoelly type of turbine, 
such as we have at Manchester, we find it is quite able to withstand 
these temperatures. One set has been running now over two years 
with absolute satisfaction, and we have no hesitation in running with 
steam at a total temperature of 550? to 600° F. Most of those present 
will probably be interested to hear that with the last set installed at 
Stuart Street there is a de Laval turbine of 450 H.P. running at 7,500 
revs. per minute, geared down to 750 revs. per minute for driving the 
circulating water pump. This is, I believe, the largest de Laval turbine 
that has been built in this country. It has been running satisfactorily 
for about two months, and I do not anticipate any trouble with it in the 
future. The author has given in his paper some of the most important 
tests that have been carried out in this country on turbo-generators, 
but the test results on the 6,000-k.w. Howden-Zoelly set at Stuart 
Street are conspicuous by their absence. I venture to say the results 
obtained are equal to, if not better, than most of those cited. 

Mr. J. DRUMMOND PATON (communicated): In the discussion the 
question of blade corrosion and wear has already been raised and 
partly discussed, the effect being considered as mainly the result of 
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dynamic action. I should like to put forward the following theory as 
to the cause of this corrosive action. Every degree of superheat added 
to the steam is simply bringing it one stage nearer the temperature of 
dissociation ; if this gas therefore be subjected to a very high velocity, 
and its path (for the purpose of illustration) be considered a straight 
line, the tendency to dissociation is increased, for the relative densities 
of the constituents of this steam gas—i.e., oxygen and hydrogen—are as 
16to т. If we consider the condition of an atom of gas in the line 
of flow, and the action assumed to take place, it can be similarised to 
the behaviour of a drop of composite viscous matter when travelling 
through space at a high velocity : the denser or heavier constituent із 
at the front of the particle, and the lighter at the rear. This dynamic 
action, tending to produce dissociation by the dragging of the lighter 
clement, can be calculated in terms of the velocity and relative densities 
of the constituent elements ; and for total dissociation would simply 
be сама! to the energy given out from a known volume of dissociated 
gas when turned into steam or water by combustion. What I 
consider therefore as the cause is the action of an oxidising gas, or the 
impinging of the atoms of this gas under conditions which bring the 
denser and oxidising element into contact with the blades under more 
favourable conditions for scoring and wear to take place. A certain 
amount of wear through water impinging and gases passing over the 
blade surface will necessarily take place, but it is a known fact that 
the addition of fixed quantities of nickel, or even the substitution of 
gun-metal, has greatly reduced the wear on blades. These improve- 
ments have been due, I consider, in the case of steel, to the formation 
of a cutectic in the metal, which has offered a higher resistance to the 
oxidising action of the gases, ог, іп other words, has caused the ingredi- 
ents of the alloy to pass into closer combination, leaving no vulnerable 
points. In the case of gun-metal the dendritic formation of the 
particles, and the absence of a relatively easily oxidised subject, such 
as carbon іп stecl, has reduced this case to one of physical wear as the 
main cause of trouble, and where metal of sufficiently high tensile 
strength has been used and the steam has been free from moisture, 
gun-metal blades work satisfactorily. ‘lhe scoring of cast-iron cylinders 
by superheated steam is well known, and the diminution of its effect 
by the use of “ white iron,” i.e., iron in which the carbon is in solution, 
is equally well known. The close formation of the particles in nickel 
steel, and the absence of free carbon, are the reasons for its successful 
application. The trouble originates from the dissociated gases, and by 
the application of metals which are suitable it can be overcome. 

Mr. D. ADAMSON (communicated): Referring to Section VII. of the 
paper, page 823, dealing with reducing turbines, I should be glad if the 
author would tell us the pressure and quality of the steam supplied to 
this turbine, and also give us some information as to the total efficiency 
of this class of turbine, that is to say, the ratio between the mechanical 
equivalent of heat drop according to adiabatic expansion and the 
actual output on generator, as referred to on page 827 of the paper. 


1912. ] STEAM TURBINE PRACTICE : DISCUSSION. 857 


Mr. R. LIVINGSTONE (communicated) : The author's remarks on the 
tendency of present-day design are very much to the point, and when 
my firm, Messrs. Dick, Kerr & Co.,took up the manufacture of steam 
turbines, they fully realised that the turbine of the future would be one 
in which large clearances and low temperatures were obtained in the 
cylinder, provided these points were not off-set by poor steam con- 
sumptions. The type adopted was an impulse turbine, with a high- 
velocity first wheel, and the efficiency of this type of turbine is quite 
comparable with any other make. On page 782 the author gives a curve 
of efficiencies of Rateau-Curtis wheels, and in the text it is stated that 
this represents a fair average of test results actually being obtained in 
the low-pressure parts of modern Rateau turbines. It would have 
given much greater weight to the curves if the author had given his 
method of separating out the different losses so as to arrive at the 
efficiencies there given. From the value of the efficiencies it appears 
that the efficiency here given is the blade efficiency at the periphery 
of the whecl, and is no doubt obtained from the overall efficiency of 
turbine by deducting the gland and bearing losses, so that their 
accuracy depends on the correctness of the values taken for these 
losses. Although not stated, it is evident that the curves represent the 
efficiency of the wheels when the outlet velocity of the steam is again 
used. Although I agree that the Curtis-Rateau is a better type of 
turbine for large outputs than the Curtis-Parsons type, yet I consider 
that the author in his calculations has accentuated the difference too 
much. First of all, in comparing the stresses in discs with the stresses 
in rings he has considered only simple discs and simple rings. In 
actual practice the periphery of a disc is usually cut away to some 
extent to form fastenings for the blades, and this very considerably 
alters the stress at the periphery of the wheel, and in some cases these 
stresses become of greater importance than the stresses in a simple 
disc, so that in comparing the permissible peripheral velocities we 
must always take account of the detailed stresses in the disc and in the 
ring. Again, in comparing the permissible length of blades only the 
effect of centrifugal force has been taken into account, but in the 
longer blades which can be used in disc turbines, owing to the larger 
diameter of disc, the bending stress due to the force of the steam 
becomes appreciable, and this also tends to modify the comparison of 
output between the disc and the drum turbine. ‘The influence of these 
factors is not great, but it is only fair to the drum type of turbine to 
take them into consideration. It is quite possible that the makers of 
the drum type of turbine will go further than this, and say they can 
make a turbine of equal output to a disc type of turbine at the same 
speed. In considering the critical speed of turbine rotors, the author 
gives a good deal of the credit for the investigations of the phenomenon 
of critical speed to Professor Stodola, but Professor Reynolds deserves 
the credit for the theoretical investigations of this important subject, 
and a very thorough investigation of the critical speed of shafts with 
different methods of loading was made by Professor Dunkerlcey in 
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1893.* Corrections required to the efficiency of a turbine for pressu: 
temperature, and vacuum are well known to designers, and the аис 
has put these in such a clear way that undoubtedly they will appeal i 
engineers generally and render comparisons of the steam consumption: 
of the different types of turbines more real than they have been. Ver 
often when a low steam consumption is obtained on test, the turbine 
maker claims all the credit, whereas the whole of the credit is often 
due to the makers of the boilers and condensers. Table III. is mer- 
tioned on page 838, which I presume should be Fig. 42, and in 
Table IV., Test No. 26, the pressure in A and B is greater after the 
governor valve than it is before the governor valve, the thermal drop 
іп A is greater before the governor valve than after the governor valve. 
and the thermal drop in B is greater after the governor valve than 
before the governor valve. This requires some explanation. 

Mr. R. J. MacLEAN (communicated) : When reading this paper one 
is struck by the great number of alterations in design which have taken 
place in quite a short number of years, and which show a distinct 
tendency towards machines of the impulse type, as it will be noticed 
that quite a few makers of reaction turbines are now building impulse 
turbines or making a compromise by substituting the initial stages of 
their machines for impulse-wheels. A great number of these changes 
must of necessity be in the experimental stage. These the buyer will 
rightly fight shy of if known. Changes of design are brought about 
mainly by three circumstances: First, and most important, by faults 
discovered in practical running ; secondly, by commercial competition 
requiring cheaper production ; and thirdly, by individual enterprise on 
the part of the designer. Those coming under the first are by far the 
most important and are brought about by absolute compulsion. From 
the time the machine starts up on the test-bed defects of a very varied 
character are encountered, which are unforeseen when passing through 
the designer's hands or the drawing office. Every endeavour 15 made 
to locate and rectify these and other troubles which may occur before 
leaving the shops, but unfortunately it is not always possible to do this, 
and many of these defects will not show for some considerable time 
after. This applies to a much greater extent when changes of design 
are taking place, and those wlio have had dealings with earlier turbines 
will thoroughly appreciate this. With reference to the second heading, 
it must always occur that commeroial competition will change designs, 
and even those which are mechanically efficient must succumb when 
the question of reducing production costs is encountered. Thirdly, we 
have the changes brought about by the designer’s own initiative, which 
may depend on the above conditions and the latitude given him for 
experimental work. As a proof of my contention that the change is 
gradually towards pure impulse as in the Zoelly, which still maintains 
the original design and yet gives results equal to any other, I would 
refer members to the test figures of the 6,000-k.w. high-pressure turbine 
at the Manchester Corporation electricity works. This machine will 

* Proceedings of the Roval Society, vol. 34, p. 305, 1893. 
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give an output of 8,000 К.м. quite comfortably and 10,000 К.м. on the 
by-pass valve. Since these test figures were taken a further 7,500-k.w. 
high-pressure turbine set has been installed, and also a 4,000-k.w. pure 
exhaust turbine has been ordered to utilise the exhaust steam from the 
existing sets, this latter being the largest of its kind in the country. 

Mr. V. O. Davis (communicated): It may be of interest to include 
here a photograph of the 20,000-k.w. A. E.G. turbo-alternator mentioned 
on page 807 of the author's paper. Fig. B shows the latest design with 
horizontally divided front cover and diaphragms. The speed is 1,000 
revs. per minute. In addition to this machine the A. E.G. have a large 
number of machines of 5,000 to 5,600-k.v.a. output at 3,000 revs. 
per minute under construction. It is interesting to note that the latter 
sets disprove the statement made on page 821 that the limit to the 
maximum output depends more on the generator than on the turbine 
in the case of pure high-pressure sets. In this case the turbine is, 
as far as present knowledge goes, nearly up against its limit, though 
the steam conditions prevailing on the Continent are almost in- 
variably considerably more favourable than those for which Fig. 23 
has been drawn. The author's formula connecting critical speed and 
deflection of shaft will, I am sure, be welcomed by many designers. 
The arrangement of the Rateau governor gear for mixed-pressure 
turbines shown is certainly very neat and well placed to avoid 
taking up unnecessary space. The emergency valve on the low- 
pressure side is not shown on the illustration; I assume that 
this valve and the main low-pressure stop-valve are placed externally. 
The gasometer type of exhaust steam accumulator is finding 
a good deal of favour on the Continent. The governing gear shown 
would not be suitable for working in conjunction with such a type cf 
accumulator as there is no pressure drop to operate the piston A. The 
section through the back-pressure turbine shows no non-return valve 
in the piping leading to the heating system. Experience has shown 
this to be a necessity to prevent the low-pressure steam from flowing 
back into the turbine when the latter is at rest and the stop-valve in 
the heating steam pipe leaks or is not closed. I am glad that the 
author has gone so fully into the question of steam consumplion correc- 
tion factors. As a seller of turbines I have frequently found that 
buyers cannot discriminate between the correction factors employed 
when designing turbines and those employed when a turbine has been 
built for one set of working conditions. When the correction factors 
are smaller in the latter case, they do not think they are being fairly 
dealt with. I hope the figures given will serve as an enlightenment. 
In particular I would thank the author for his statement that the 
thermodynamic efficiency varies with the amount of superheat em- 
ployed ; consulting engineers and buyers in general are usually more 
or less in ignorance of this, although it is an established fact with 
manufacturers. I think most engineers, whose experience with 
steam turbine design and construction dates back some years, will 
agree that the developments and improvements which have taken 
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place, have been chiefly brought about by practical results rather than 
by reason of theoretical research. As the author shows, the theory оі 
the steam turbine was really first appreciated after a large number of 
very satisfactory machines had already been built. This being so, it is 
remarkable that the three-bearing design, which has been mentioned 
by the author and criticised adversely in the discussion on an isolated 
bad result (which has since been cured without departing from the 
three-bearing construction), should have met with such success in 
practice that one firm alone has built more than 1,200 such machines in 
size up to 20,000 k.w. The tendency on the Continent on the part of 
experienced impulse turbine and generator makers fully acquainted 
with theoretical considerations, is to depart from the design with four 
bearings and a flexible coupling in favour of three bearings and a 
rigid coupling even when the turbine and the generator are constructed 
by different makers. Such facts must clearly demonstrate that the 
latter design is in no way inferior to the former from the practical 
standpoint, which, after all, is the only one that really matters. 

Mr. B. PocHOBRADsKY (communicated): The author gives blading 
efficiency curves for single, 2-row, and 3-row impulse wheels. It 
is interesting to compare the efficiency of the 2-row wheel with the - 
efficiency curve (Fig. B) published by O. Lasche in 1909.* 


— ---- ————————MM ——— —M——. 
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I have not sufficient particulars of the tests, the results of which are 
apparently the above-mentioned curves. For this reason it is not 
advisable to compare the absolute value of the efficiencies. It is onlv 
stated that the A.E.G. efficiencies are for dry saturated steam (for 
superheated steam still better efficiencies are to be expected) and on 
the assumption that the blading is designed for the maximum value 
of u/c (ulco = 0'3 about). The only point which I would consider is 
the ratio u/c, for maximum, that is, for the author's curve м/с == 0°35, 
For this ratio the A.E.G. efficiency is still increasing; even for 
u[c,— 0'3 (according to the curve) the efficiency is still increasing. 

The character of the author's curve is in accordance with 
calculated curves published several years ago.t The basis for the 


* G. Bauer and O. Lasche, “Marine Steam Turbines,” translated by G. & 
Swallow, London, 1911, p. 75. | 
t A, Stodola, “ Die Dampfturbine,” 5rd ed., 1905. 
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Professor Stodola gavc an example of a reaction Curtis turbine, 
built by the General Electric Company, demonstrating its advan- 
tages as compared with impulse Curtis wheels. The character 
of the ALE.G. curve seems to show that reaction is being used, and 
certainly means an improvement. It is obvious that reaction applied 
for a single, or three or more row, wheel would have a similar 
effect upon the character of the efficiency curve. This effect explains 
fully the reason which led to some velocity-wheel turbines being 
designed for u/c. > 0'23—for instance, the General Electric Company's 
turbines for Chicago. On the other hand, we quite agree with the 
author that maximum blading efficiencies are considerably decreasing 
with increasing number of blade rows. This circumstance is the 
reason for the combination of one Curtis in the high-pressure and 
several single impulse wheels in low-pressure part, instead of a pure 
Curtis turbine. It would be interesting to compare the two different 
solutions of velocity wheels on the basis of tests with full particulars 
for the same conditions. 

The corrections of steam consumptions for varying conditions are 
certainly very interesting to electrical engineers. They remind one 
very greatly of Professor Stodola's book (“ Dampf-turbinen," pp. 212- 
225, 1910). I think this ought to have been mentioned by the author. 
Considering that it is very often difficult, if not impossible, to test the 
turbine under guarantee conditions, and that the corrections, although 
sometimes quite simple, often causc difficulties to both the purchaser 
and the maker, it would certainly be an advantage to adopt some 
standard corrections. The corrections given by the author will prob- 
ably correspond to those generally used for standard turbines. They 
represent an average which is more or less correct for different types. 
But the differences for turbo-generators will be very small in the 
majority of cases. For extraordinary cases it is, of course, necessary 
to settle some rules for exceptions. I would mention one case. 
Suppose a turbine designed for a certain vacuum to have very high 
leaving losses on account of the output being very high for the type 
in question. In increasing the vacuum, the outlet steam velocity 
might attain its critical value. From this point, of course, any vacuum 
increase has no effect on the steam consumption. Generally speaking, 
however, standard rules for correcting the steam consumption are very 
desirable, as well as general standard rules for power stations, etc. 
The tendency of the development of steam turbines is demonstrated 
very clearly in the author's paper, which, on the other hand, is not very 
complete, nor fair, as to the different firms which have contributed to 
the development. There are practically two main types, Curtis- 
Parsons and Curtis-Rateau, on the European market. Other tvpes 
have been successful too, but these two main groups are predominant. 
Considering that of late years turbo-generators are being built with 
high speeds, even for comparatively large outputs, it is to be expected 
that for this reason, and many others, the Curtis-Rateau turbine wil 
successfully continue its development, and justify the extraordinary 
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progress made in the few years since the A.E.G. brought the first 
Curtis-Rateau turbine into the market. 

Mr. K. BAUMANN (in reply): Several of the speakers have com- 
plained that insufficient reference has been made to some of the most 
important designs of steam turbines manufactured in this country. In 
reply I must point out that I have unfortunately been unable to find 
descriptions published during the last few years of disc-and-drum 
turbines or of Curtis turbine designs originated in this country. More- 
over, no change in the principle of the design of the Curtis turbine has 
been made during the last eight years, except that the vertical shaft 
has been replaced by the horizontal. This is referred to on page 783 
of the paper. It must also be admitted that the matter dealt with in 
the paper is of a nature so comprehensive that it could not possibly 
be exhausted in a paper written primarily to inform electrical engineers 
of the recent developments and future possibilities of steam-turbine 
design, and not as a text-book for steam-turbine designers. I am glad, 
however, to take the advantage of this opportunity to complete the 
descriptions and to substantiate some of the statements which, for the 
reasons given above, had to be abbreviated as much as possible. 

High Superheat.—Mr. Stoney’s remark that trouble due to high 
superheat is common both to the pure Rateau turbine and to the pure 
Parsons turbine is correct, but in the Rateau turbine the expansion 
would not be detrimental to the steam consumption to the same extent 
as in the Parsons turbine. 

Disc-and-Drum Machines.—Mr. Stoney stated that the disc-and-drum 
turbine works under most favourable conditions for outputs from 750 
to 1,500 k.w. at 3,000 revs. per minute, and later that it is useful for 
small outputs, say 500 k.w., at 3,000 revs. per minute. From this it 
would appear that, generally speaking, the disc-and-drum type is useful 
for all outputs up to 1,500 k.w. at 3,000 revs. per minute. This is quite 
reasonable, as for lower speeds, say 1,500 revs. per minute, the dif. 
ference in the diameters of the Curtis wheel and the medium-pressure 
drum becomes too large and necessitates a very complicated design 
of casing which is exposed to deflection due to pressure and expansion 
due to temperature. 

Blade Cuiling.—The question of blade cutting in impulse wheels, 
due to high steam velocity, has been raised from time to time by people 
who are not favourably disposed to the use of velocity wheels, but this 
is mainly because they have had very little experience with them. The 
cutting action may be due to corrosion (chemical action) or to erosion 
(mechanical action). Both actions are very often combined, and both 
are more perceptible with wet than with superheated steam. Chemical 
action can, in all cases, be overcome by purifying the feed water, and 
mechanical action, according to my experience, does not take place for 
steam velocities actually used for combined turbines. The only two 
cases of erosion which I know of were due to the action of water which 
was not properly drained from the cylinder. 

Disc Turbines for Large Outputs.—Mr. Stoney doubts my statement 
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that the disc turbine is the design for large outputs, and refers to the 
tandem turbine of 1,000-k.w. capacity supplied to Elberfeld, which, 
as far as I can make out, runs at 1,500 revs. per minute, and the eighi 
tandem turbines of 6,000-k.w. capacity installed at Lots Road Power 
Station, which runs at 1,000 revs. per minute. I fail to see how these 
examples bear on the case, as both refer to turbines with small or 
moderate outputs according to the definitions given in my paper. The 
6,000-k.w. turbine referred to as having caused a great saving in coal 
must, of course, be provided with a cast-steel high-pressure casing, as 
the growth of cast iron, with the consequent increase of the necessarily 
small clearances, would be very detrimental to the high economy. 
The calculations given for the maximum outputs obtainable refer to 
drum designs and disc designs, and the final result depends only on the 
greater strength of rotating discs as compared with drums, and is inde- 
pendent of the system used for the different stages of the turbine. It 
is self-evident, therefore, that a reaction turbine built in discs will have 
the same maximum output as ordinary impulse turbines. I do not 
agree, however, that caulked blades can be used for the same peri- 
pheral speeds and of the same length as the blades used at present 
in Rateau turbines. The stresses and the factor of safety in the latter 
can be calculated very accurately, and their reliability does not depend 
on the workman. 

Low-pressure Turbines.—It is true that Parsons took out a patent 
on low-pressure turbines in connection with high-pressure engines 
in this country in 1894, but it was not the master patent, as patents on 
the same subject had been taken out by other inventors * before that 
time. The application of a low-pressure turbine to a high-pressure 
engine running continuously is, as pointed out in my paper, very 
limited, and the greatest scope for low-pressure and mixed-pressure 
turbines lies in their application to engines running intermittently. 
The opening up of this field was. beyond doubt due to the pioneer 
work of Professor Rateau who invented, in addition to the Rateau 
accumulator, the mixed-pressure turbine in 190 and the governor 
fitted to it. 

Vacuum Corrections.—With regard to the corrections for vacuum, 
Mr. Stoney remarked that the efficiency of the Parsons turbines if 
properly designed for vacuum is the same for any vacuum. If pro- 
perly designed means adding more stages for higher vacuum this is 
approximately true, but generally the standardisation of turbines: does 
not allow of this, and it is necessary to calculate the turbines with the 
same number of stages independent of the vacuum, and the corrections 
have been given for these conditions, as clearly stated in my paper. 
For a constant number of stages the efficiency of each wheel decreases 
with increased heat drop, according to the curves given in Fig. 10. 
due to the decreased velocity ratio u/c. An increase in the vacuum 


* Patents on this subject have been taken out in this country by Cordes and 
Locke in the year 1840. (See English Patent No, 8572, A.D, 1840, also United State: 
Patent No. 2019 dated 29th March, 1841.) 
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from 28 in. to 29 in., for instance, increases the heat drop 05 per 
cent., and will therefore decrease the ratio u/c by about 5 per cent. 
If this ratio was u/c = 0'35 for 28 in. it would only be 0'335 for 29 in., 
and this would decrease the efficiency according to curve A (Fig. 10) 
from 74'3 per cent. to 72:8 per cent., which means a reduction in the 
theoretical correction of 2 рег cent., i.e., from 9'5 per cent. to 75 per 
cent. Further, an unavoidable reduction in the efficiency is due to 
the larger leaving losses with this higher vacnum—this correction, 
Of course, depends to a very great extent upon the output of the 
turbine. For turbines with small outputs it is negligible, but it is 
considerable for turbines with large outputs at high vacua, as can 
be seen from Fig. 23. For a 3,000-k.w. turbine running at 3,000 revs. 
per minute the leaving loss would increase from 0:8 per cent. at 27 in. 
vacuum to 1'5 per cent. at 28 in. vacuum, i.c, 07 per cent. ; and from 
I°5 рег cent. at 28 in. vacuum to 4 per cent. at 29 in. vacuum, i.e., 24 per 
cent. For a 2,250-k.w. turbine this last figure would be about 1°6 per 
cent. This additional correction added to that given above would 
reduce the correction from 7'5 per cent. down to 6 per cent., and this 
figure, which refers to turbines for large outputs, has been given in the 
paper. For smaller outputs this figure should have been corrected, 
but was omitted in order to shorten the paper as much as possible. 

The following is a complete list of corrections for turbines both 
with an increased number, and with a constant number of stages :— 


| 


Vacuum. 26-27in. . 27-28 in. | 28-29 in. 
Meer кте tas тэ сату за” ыры ay So ты | E m = Mec" 
Per Cent. | Per Cent. | Per Cent. 
Theoretical correction... s 5 | 0 9'5 
| 
Corrections for (Small ‘outputs 5 | 6 | 95 
turbines with | 
i Moderate ,, 5 6 g'o 
increased num- ` 
ber of stages... | Large " 5 6 75 
Corrections for (Small outputs 4 5 75 
turbines with Aaah _ 
constant num-| "0467416, 4 Э (29 
ber of stages\ Large i 4 5 бо 


Efficiency of Curtis Wheels.—In reply to Mr. Samuelson, who doubts 
the correctness of the efficiencies given in Fig. 10, I can only point out 
that the relative difference in the efficicncies given for Rateau wheels 
and velocity wheels, corresponds very closely to the curves published 
by other workers, i.e., Professor Stodola and O. Lasche, of A.E.G.—in 
fact, by everybody who has had experience with both types of turbine. 
I do not hesitate to say that the time is not far distant when it will be 
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necessary for builders of pure Curtis turbines to manufacture the 
combined type of turbine in order to compete with other firms with 
regard to steam consumption. "The results which have been published 
by manufacturers of pure Curtis turbines show certainly a verv small 
difference in the steam consumption when compared with other types 
in fact, they are better than we should expect, and it would certainly be 
of great interest to know the main particulars, i.c, the number and 
diameter of the wheels, so as to render a check of the efficiencies 
possible. 

Expansion of Wheel Bore.—I agree with Mr. Samuelson that the 
expansion of the wheel bore is a very important factor to be con- 
sidered. The calculation of the expansion if the stresses о, and с, are 
known is very simple for those acquainted with the elementary theory 
of elasticity. Itis given by the formula 47/r = (0, —v6,)E ; where 
r = radius of the circle ; А r= increase in radius (expansion) ; » = 0'3 
for steel; E = modulus of elasticity. This formula shows that the 
expansion is practically proportional to the tangential stress in the bore 
of the wheel, so that the stress itself can tell us if any difficulties with 
regard to expansion are to be expected. 

Nozzle Control Governing.—In spite of the assurance of Mr. Samuclson 
that the governor gear of the turbine made in Rugby is well known bv 
its simplicity, I adhere to my statement which was confirmed during 
the discussion by engineersin charge of power stations. The simplicity 
of the governor gear as originated by the A.E.G. is only possible with 
their design, in which the high-pressure end cover, referred to on 
page 782, is made in one piece. This design allows of the nozzle being 
arranged in one set on one side of the thrust pedestal, which advantage 
may be one of the reasons for the retention of this design. It has, 
however, the great disadvantage of inaccessibility, referred to in the 
paper. In order to avoid this disadvantage a horizontal joint must be 
made right through the whole turbine as shown in Fig. 17. This 
design has now also been adopted by the A.E.G. for their 20,000-k.w. 
turbines, referred to on page 807 of the paper.* In this case the nozzles 
must generally be arranged in two or more sets, and the valve-gear then 
becomes more complicated. Another more important point which has 
to be considered is the necessity for the valves to be absolutely tight 
when closed, since a small leakage would reduce the theoretical 
advantage gained to zero, or even convert it toa loss. 

Mixed-presssure Turbines.—The description of the mixed-pressure 
turbine given by Mr. Samuelson indicates at first sight a considerable 
advantage when compared with that shown in Fig. 30. It can be seen, 
however, that the advantage of this arrangement when adapted to the 
combined turbine is reduced to a negligible amount. It can onlv be 
used to advantage when using not more than two Curtis wheels in the 
low-pressure part of the turbine, the efficiency of which, as already 
pointed out, is so. much below that of Rateau wheels that the difference 
is hardly balanced by the advantages stated above. Again, it is a 

* A.E.G., Zeitung, March, 1912. 
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simple matter to design a Rateau or а Parsons turbine, so that the full 
amount of low-pressure steam available can be utilised also on overload, 
if this be required for long periods, during which the full amount of 
low-pressure steam is always available. Taking the case mentioned by 
Mr. Samuelson and assuming a high-pressure consumption of 18165. per 
kilowatt-hour we sec that the low-pressure part of the turbine is to be 
designed for a steam quantity equal to 33 X 1,000 + 18 x 250 = 37,500 lbs. 
steam per hour as compared with 33,000 lbs. per hour. When running 
on full load with low-pressure steam only, the steam will be throttled 
12 per cent., which means an increase іп the full-load consumption of 
5 per cent. ; this is smaller than the difference in the steam consumption 
of a pure Rateau turbine and a pure Curtis turbine, and the turbine has 
the advantage of giving 15 per cent. overload without the use of high- 
pressure steam and without the use of a low-pressure bypass valve—i.e., 
with a very good economy. The advantage of reduced disc friction 
when running on low-pressure steam only is of little importance, as the 
disc friction itself is so small (averaging about 2 per cent.) that the 
decrease of the pressure in the high-pressure part would improve the 
economy only to the extent of 1 per cent. Тһе splendid efficiencies 
obtained on mixed-pressure turbines of the type shown in Fig. 30 when 
running on high-pressure steam only, prove that fears with regard to the 
effect of too large nozzles in the low-pressure part are groundless. All 
the advantages referred to by Mr. Samuelson appear in the guarantees 
given to the purchaser for the different conditions, and in many cases 
on paper the machines appear to be economical, but we must not 
overlook the fact that the efficiency when running under mixed- pressure 
conditions is of the first importance as the machine is usually operated 
under these conditions in practice, and we shall show below that the 
arrangement discussed by Mr. Samuelson is less efficient when running 
under these conditions than the type of machine shown in Fig. 30. 
Let us assume the turbine to be running on full load and that only 
20,000 lbs. of low-pressure steam is available. In the case of the 
arrangement mentioned by Mr. Samuelson, the low-pressure steam will 
be throttled to a pressure given by the ratio of the available low- 
pressure steam quantity to the normal quantity, i.e., 20,000/33,000 = 076. 
The loss due to throttling can be calculated from the increase in steam 
consumption due to decrease of pressure and the improvement in the 
efficiency due to superhcat obtained by throttling the steam. According 
to the remarks made on page 840 of the paper, the steam consumption 
for low-pressure turbines increases 4 per cent. for each Io per cent. 
decrease in pressure, and the increased superheat due to throttling 
decreases the steam consumption o'5 per cent. for the same difference 
in pressure. Throttling of ro per cent. increases the steam consumption 
therefore 4--05-т25 per cent., and for the case mentioned above, 
I'O — 0*6 


throttling to the extent of = 50 per cent, would cause ап 


increase in steam consumption of 35 x 52 1755 per cènt., i.e, an 
increase of from 33 lbs. per kilowatt-hour to 3074 lbs. per kilowatt-hour. 


Mr 
Baumann. 


868 BAUMANN: RECENT DEVELOPMENTS IN [16th fan., 


Mr. This agrees satisfactorily with the figure which can be obtained when 
Baumann. А : . N 
correcting the consumption according to the available heat-drops :— 


Heat drop for 14'2 lbs./square inch absolute dry saturated and 
28 in. vacuum: 92 calories per kilogramme. 

Heat drop for 8:5 Ibs./square inch absolute 20° F. superheated 
and 28 in. vacuum: 76 calories per kilogramme. 

Corrected consumption = 33 X 92/76 = 40 lbs. per kilowatt-hour. 


With this consumption the available steam quantity of 20,000 lbs. 
per hour will give an output of 20,000/40 = 500 К.м. The remaining 
500 k.w. must be made up by high-pressure steam. Assuming a steam 
consumption of high-pressure steam of 20 lbs. per kilowatt-hour, the 
high-pressure steam consumption will be 10,000 Ibs. per hour. Under 


these conditions the different wheels work at the following partial 
loads :— 


First whecl ... бєз ia "^ .. Half load. 
Second wheel (high-pressure portion) ... Half load. 
Second wheel (low-pressure portion) ... Half load. 
Third wheel ... ids T bes .. About j load. 


In the case of the mixed-pressure turbine given in Fig. 30 the 
position is different. As the high-pressure steam is mixed with the 
low-pressure steam the whole of the low-pressure part is working at 
about } load, and the pressure in front of the low-pressure part will be 
considerably higher than in the case mentioned above; the low- 
pressure steam consumption will therefore be considerably less. With 
the total quantity of 28,600 Ibs. per hour passing through the low- 
pressure part, the pressure drop through the low-pressure valve would 
only be 15 per cent., which means an increased low-pressure steam 
consumption of only 5°3 per cent. as compared with 17:5-19 per cent. 
found above. The low-pressure steam consumption being 34:8-35 165. 
per kilowatt-hour, 20,000 lbs. steam per hour would develop 
20,000/35 = 570 k.w., i.e., 14 per cent. more than with the arrangement 
put forward by Mr. Samuelson. The high-pressure steam would only 
have to give 430 k.w., and further, the high-pressure steam consump- 
tion expressed in pounds per kilowatt-hour would be smaller, as in this 
case the high-pressure steam will work in the whole low-pressure part 
оп $ load, whereas іп Мг. Samuelson's scheme it will work on half load 
on the first low-pressure wheel and on 3 load on the last wheel only. 
Even assuming the same steam consumption for both cases— i.e., 20 Ibs. 
per kilowatt-hour—the consumption of high-pressure steam would only 
be 430 X 20 — 8,600 lbs. per hour, or 1,400 lbs. per hour less than the 
above, which is about 8 per cent. of the full-load high-pressure steam 
consumption. The improved economies obtainable with Mr. Samuelson's 
scheme refer, therefore, mainly to guarantee conditions. For practical 
working conditions, however, where the turbineruns generally as a mixed- 
pressure machine its disadvantages as compared with the type shown 
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in Fig. 30 are great. This disadvantage is often not noticed owing to 
the difficulties of testing mixed-pressure turbines when running with 
mixed-pressure steam. In order to obtain good economies with 
mixed-pressure turbines, using at the same time both low-pressure 
and high-pressure steam, it is necessary to mix the low-pressure steam 
with the high-pressure steam as soon as possible, i.e., at the low- 
pressure inlet, and not after the first low-pressure stage as proposed 
by Mr. Samuelson. The remarks with regard to test results obtained on 
mixed-pressure turbines are correct. The fact, however, remains that 
the results of the Curtis-Rateau turbine given in Table VIII. (Test No. 3c) 
show that this turbine is more efficient than the Curtis turbine 
mentioned. ‘This will be realised when considering the large pressure- 
drop through the governor valve, which distinctly shows that the 
turbine was not running at its most economical load—;.e., full load. 
For that load the throttling through the valve would not be more than 
то pet cent. of the absolute pressure—i.e., from 1571 165. per square inch 
absolute to 13:6 lbs. per square inch absolute, whereas during the test the 
pressure after the valve was only 12 lbs. per square inch absolute. For full 
load the losses due to a throttihng of то per cent. would only be 
34 per cent., so that a turbine efficiency before the governor valve of 
78:2 per cent. could have been obtained instead of 74:6 per cent. and 
the total efficiency would be 73'1 per cent. Allowing for 104° F. 
higher superheat, a correction of 4°5 per cent., we obtain an efficiency 
of 698 per cent. as compared with the efficiency of 682 per cent. 
obtained by the Curtis turbine in question. My statement with regard 
to the best efficiency realised on mixed-pressure turbines must there- 
fore be allowed to stand. 

Comparative Efficiencies.—Mr. Kaula states that the disc-and-drum 
turbine should be better than the disc turbine for large outputs. I do 
not agree with the first reason he gives in support of this statement, 
that because the skin friction losses for disc turbines are considerably 
larger than those for drum turbines, special allowance should be made. 
This allowance is very small as the disc friction loss in a disc turbine is 
extremely small, generally not more than 2 per cent., and this cannot 
be of any importance in view of the leakage losses over thc tips of the 
blades in reaction turbines, which are hardly ever smaller than 5 
per cent., and very often more than ro per cent. Then as regards the 
second point mentioned by Mr. Kaula, that a solid drum should be 
treated as a disc without a hole, I must point out that the danger from 
lack of homogeneity is much more serious for rotating drums than for 
drawn bars, for instance, stressed in the direction of the grain; also 
that the bursting of a solid rotor would be far more disastrous than the 
expansion of a drum or of a disc which would expand equally until it 
touched the casing, thus shutting down the turbine. With regard to Mr. 
Kaula's remarks on the efficiencies of the turbines, it would have been 
more satisfactory if he had substantiated his statements by giving 
some steam consumptions which have been obtained on the disc-and- 
drum type of turbine. 
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M miU Steam discharged by Air-pumps.—Mr. Kaula states that test results 
© . A generally do not take into account the amount of water discharged 
by the air-pump, and that a distinct difference should be made between 
wet and dry air-pumps. Although this point does not come within 
the scope of my paper, I consider it worth while to devote a little time 
to it in view of the confusion existing among engineers with regard to 
the quantities of steam condensed in the air-pump. Mr. Kaula divides, 
for the purpose of explanation, the air-pumps into two main types: 
wet air-pumps and dry air-pumps. Wet air-pumps are those which 
pump the air and extraction water by means of the same piston, and 
the dry air-pumps those which pump the air and extraction water bv 
means of separate pistons. In order to show clearly the differences 
in the steam quantities pumped by the different types, I prefer to divide 
these types as follows: (1) dry piston air-pumps ; (2) wet piston air- 
pumps ; (3) piston air-pumps sealed with cold water ; (4) rotary pumps. 
т. Dry Piston Atr-Pumfs.—The inlet volume of the mixture of 
steam and air pumped by these pumps is approximately constant, 
practically independent of the vacuum, and is given by the capacity oí 
the pump. The air quantity and the steam quantity can easily be 
calculated from the temperature of the mixture in front of the pump. 
I have had the opportunity of investigating this matter very closely on 
an installation consisting of a 1,500-k.w. turbine, including surface 
condenser, dry air-pump, and separate extraction pump, installed at 
Mülhausen, which was tested in March, 1907, by Professor Stodola. 
The steam quantity discharged by the air-pump was found to be not 
more than about 50 lbs. per hour, which on a full-load consumption of 
25,000 lbs. per hour means a correction of o2 per cent. of the steam 
consumption as measured by the discharge of the extraction pump. 

2. Wet Piston Air-Pumps.—For these pumps the conditions are 
similar to those stated above, but the water is separated from the air at 
the outlet to the pump, one part of the o2 per cent. would be con- 
densed in the pump, and a considerably smaller amount of steam 
would escape with the air as stated by Mr. Kaula. 

3. Piston Air-Pumps with Cold Water Seal.—For these pumps the 
conditions are quite different. If the water is properly mixed with the 
mixture of air and steam drawn from the condenser, the mixture will 
be cooled down to a temperature slightly above the cooling water 
temperature, and thereby the greater part of the steam will be con- 
densed. In this case the volume of air actually pumped by the piston 
pump will be constant, as given by the cylinder dimension, but the 
volume of the mixture flowing from the condenser to the pump will be 
considerably larger and will depend upon the quantity of steam con- 
densed by the cooling water. The same effect is obtained by— 

4. Rotary Air-Pumps.—In these pumps the cold water is used as 
seal water, which acts at the same time as an air cooler. It is verv 
difficult to calculate exactly the quantity of steam drawn from the 
condenser, since this depends upon the relative capacity of the con- 
denser and the air-pump, as will be seen from the following explana- 
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tion : Assume, first of all, a very large surface condenser working in 
conjunction with an air-pump of relatively small capacity. The con- 
denser in this case will easily be able not only to condense the steam, 
but also cool to avery great extent the air before leaving the condenser. 
The mixture flowing into the air-pump will contain a relatively small 
amount of steam, an amount similar to that obtained with the dry air- 
pump, or even less. On the other hand, a condenser which is too small 
to condense the steam quantity may be required to work in conjunction 
with a very large air-pump which is able to create a very high vacuum, 
whereas the vacuum obtained in the surface condenser may be low. 
The difference іп the vacuum will cause a large amount of steam not 
condensed to flow into the air-pump, which will now work partially as 
a jet condenser. The quantity of steam condensed by the rotary air- 
pump will depend upon the difference in the vacuum in the surface 
condenser and that in the air-pump, ż.e., the relative capacity of the 
surface condenser and the air-pump, and upon the size of the pipe con- 
necting the two. In normal cases where the condenser and air-pumps 
are properly calculated, the steam condensed in the air-pump will not 
exceed à per cent. at full load and will only be more when the plant is 
heavily overloaded. The very fact that too much steam is being con- 
densed by the air-pump indicates that the surface condenser is too 
small, or that the air-pump is too large. The vacuum depends in this case 
more on the surface condenser than on the air-pump, and the drawing of 
steam into the air-pump can easily be overcome by reducing the pipe 
diameter connecting the surface condenser and the air-pump, or by 
simply throttling the mixture by a sluice valve, without affecting the 
vacuum in the surface condenser to any appreciable extent. For steam 
consumption tests it is, of course, a simple matter to measure the 
steam quantity pumped by the air-pump by measuring the increase in 
the water-level in the sealing water tank. For normal conditions it has, 
however, always been found that it is an almost negligible amount. 

Marine Turbines —Mr. Watson's remark that marine engineers аге 
as keen on high efficiencies as electrical engineers in power stations is 
quite true, but unfortunately the conditions to be met in the case of 
marine turbines are not as favourable for high efficiencies as for land 
turbines, which, when coupled to electric generators, can be run at 
much higher speeds. In order to obtain best overall efficiency of 
turbine and propeller, the speed of marine turbines is to be much 
lower; they are approximately : For destroyers, 700 revs. per minute 
for powers up to 20,000 В.Н.Р.; second-class cruisers, 500 revs. per 
minute for powers up to 20,000 B.H.P.; battleships, 300 revs. per minute 
for powers up to 30,000 to 80,000 B.H.P. These low speeds, in com- 
bination with the light weight required, make it impossible to design 
the turbines for maximum efficiencies, and in order to decrease the 
number of stages it is necessary to use velocity stages with three or 
even four rows of blades. The efficiency of a marine turbine is there- 
fore not so good as a turbine of large output running at a very high 
speed which can easily be designed for maximum efficiency. 
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Test Results.—With regard to the efficiency of 67:9 per cent. of the 
Curtis-Rateau turbine given in Table V. (No. 27), and referred to by 
Dr. Rosenberg, I should like to add that this turbine was intended first 
to work in conjunction with the existing cooling towers, and was there- 
fore designed for a vacuum of 271 in. Later on it was decided, how- 
ever, to obtain cooling water from a river, so that a considerably higher 
vacuum could be obtained. The vacuum during the tests was nearly 
284 in. The difference in efficiency can be obtained by comparing 
the correction for a given turbine—-which is, according to Table VIII., 
4'4 per cent. for turbines designed for 274 in. vacuum— with the cor- 
rection for turbines designed for the particular vacuum, as stated on 
page 831, to be 5:5 per cent. between 27} in. and 281 in. vacuum. The 
efficiency which would have been obtained if the turbine had been 
designed for 284 in. is therefore r'1 per cent. higher than 67:9 per 
cent., i.e., 68:6 per cent., and would be higher than that given for the 
6,000-k.w. turbine mentioned in Table VI. (No. 28). Unfortunately I 
am not in a position to apply the correction outlined in paragraph 9 of 
my paper to the test results given, as not sufficient data are available 
with regard to the designs of the different turbines, which are necessary 
to fix the vacuum corrections for instance. 

Balancing.—Mr. Sanders states he does not agree with my remarks 
on page @o05 concerning disc and ordinary drum constructions, and 
points to the difference in balancing drum turbines and balancing disc 
turbines. This agrees quite well with what I said on page 807 in 
Section V.: “In this matter the disc type of turbine has a very con- 
siderable advantage over the drum, in that its critical speed can be 
calculated with ease, and certainty and that it can be balanced by statial 
methods."* My remarks given on page 805 do not refer to any advan- 
tage with regard to balancing, but deal only with the relative strength 
of discs and solid drums. I quite agree, however, with Mr. Sanders 
that the advantages with regard to the balancing of disc turbines, as 
compared with drum turbines, generally are very important, as by using 
discs a great deal of trouble can be avoided. The other trouble which 
Mr. Sanders referred to, as being due to the critical speed of the discs, 
can easily be overcome when the critical speed is known. The 
calculation of the critical speed is, however, too complicated, and 
cannot be made sufficiently exact. As its investigation would, in 
addition, be too elaborate and of no great interest for electrical 
engineers, it was intentionally not mentioned in the paper. 

Measurement of Condensed Water.—In connection with Mr. McKenzie's 
last remark, I should like to point out the desirability of stating in all 
reports of tests made on steam turbines, the manner in which the tests 
have been carried out, especially with regard to the methods oí 
measuring condensed water. In my opinion, the only exact method of 
measuring condensed water for steam consumption tests is the weighing 
of the water or the measuring of it by calibrated tanks. Any other 


* The latter part of this sentence was omitted in the proof, but was corrected 
when reading the paper. 
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methods, as, for instance, measuring by means of a weir or by an 
ordinary water-meter or steam-meter, are not sufficiently accurate 
although they may be of great use for registering purposes. I have in 
mind one case of a 5,000-k.w. set where a difference of 7 per cent. was 
obtained, although all precautions with regard to adjustment of meters, 
etc., were taken to obtain exact results. 

Blade Corrosion.—I cannot agree with Mr. Paton’s theory of blade 
corrosion. It is true that steam highly superheated dissociates ; its 
dissociation starts at about 950? C. It is also true that “ Heat” is the ex- 
pression for movenient of the molecules, the velocity of which can be 


calculated from the expression c = 4/3 р/р, where c = velocity in metres 
per second; p= pressure in kilogrammes per m.?; p= density 
in kilogrammes рег т.з. The velocity of the molecules of steam 
at atmospheric pressure and 212° F. would be therefore about 
700 metres per second; at the temperature of dissociation, i.c., 
950? C., it would be about 1,300 metres per second. This relative 
velocity is present in steam at rest as well as flowing ; and the mole- 
cules moving in all directions the value calculated is a measure of the 
velocity with which they collide. It is obvious, therefore, that the 
phenomena of a drop of composite viscous matter travelling through 
space at a high velocity cannot be applied to flowing gas in which 
the relative velocity of the molecules is much higher than their 
mean velocity in the direction of flow, and where this relative velocity, 
which would cause dissociation, is independent of the latter. Mr. 
Paton's theory does not agree, therefore, with the molecular theory, 
and moreover, it does not agrec with what occurs in practice. Accord- 
ing to his theory, corrosion would be more perceptible with highly 
superheated steam than with saturated steam, which is not the case, 
It is therefore obvious that dissociation of the steam has nothing what- 
ever to do with the cutting of the blades, and that the true explanation 
is the action of the heavy water particles thrown against the metal at 
a high speed. 

Reducing Turbines.—The steam consumptions given for the reduc- 
ing turbine on page 823 refer to the working of the turbine on full load 
when no steam is passing through the low-pressure part of the machine, 
the high-pressure steam entering the turbine being dry saturated, 
steam pressure 1go lbs. per square inch. The efficiency obtainable 
under these conditions is 60 per cent. and more. 

Efficiency of Raleau and Curtis Wheels.—Mr. Livingstone mentioned 
efficiencies of Rateau-Curtis wheels—I assume that he means Rateau 
wheels. The efficiencies given include losses due to steam friction of 
the wheels, windage losses of the blades, and the losses in the main 
glands and diaphragm glands and bearings. The values which have 
been allowed for these losses vary, of course, to a great extent with 
the size of the turbine, and the calculation of same would have 
necessitated the writing of a text-book, which was not my intention in 
writing the paper. The values taken correspond to outputs of turbines 
equal to the higher limit given for moderate outputs, and can be 
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estimated from Fig. D, which gives in addition to the total efficiencr 
of the turbine, the calculated blading efficiencies, not including thc 
losses stated for the different turbines. From my remarks that tbe 
efficiencies given for the Rateau wheels correspond to test result: 
obtained on Rateau turbines, it is evident that the improvement due to 
the utilisation of the outlet velocity is included in the efficiencies, 
as actually this improvement will exist although it need not be con- 
sidered in the calculation of the turbine in any other manner than by an 
additional coefficient found by experience. With regard to the curve: 
given in Fig. D, I should like to give the following explanation :— 
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I. Каісаи Whecls.—As already stated, curve A’ gives the calculated 
blading efficiency. The difference in the value of the efficiencies 
given by curves A and A’ corresponds to disc friction losses, gland 
losses, and bearing losses for a turbine of a high moderate output ; it is 
for the ratio u/c = 046 mentioned in my paper 83°3 — 80/80 = 4'1 per 
cent. A further allowance of 4 per cent. was made for increased friction 
апа leakage losses іп the high-pressure part of the turbine (page 781). 
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2. Curlis Wheels with two Rows of Blades —The blading efficiency is 
given by curve В”, which shows increasing efficiency with increasing 
ratio u/c up to и/с--о35. For u/c > 025 the blading dimensions 
become impracticable on account of the great increase of the blade 
heights for the second row of moving blades. This causes an 
additional increase of losses due to windage, which will become very 
serious if the wheel is rotating in steam of, say, atmospheric pressure. 
Curve B shows the effect of this, representing the blading efficiency 
of a high-pressure velocity wheel including windage losses. I used 
for my paper the same curve as representing the efficiency of a Curtis 
turbine, as the difference in the two efficiencies B' and B, for the 
ratio u/c = 023 mentioned in my paper is (70:5 — 67°5)/7o= 423 per 
cent.—i.e., about the same as that allowed for Rateau wheels. Curve 
B for a Curtis turbine, with three wheels, would probably show a 
maximum efficiency for a ratio и/с above that mentioned, but the 
difference in the actual values of the maximum efficiencies would be 
very small. 

3. Curtis Wheels with three Rows of Blades.—The blading efficiency is 
given by curve С”, which shows increasing efficiencies up to a ratio 
u|c — 02. For u/c > 015 the blading dimensions become imprac- 
ticable on account of the great increase of the blade height for the 
last rows of moving blades. The additional windage losses may be 
very considerable when the wheel is rotating in high-pressure steam 
as it usually does. The influence is shown by the difference of the 
efficiencies represented by curves C’ and C, which latter has been 
drawn out for a specific case of a high-pressure turbine for light out- 
puts. In the case of condensing turbines consisting of only one 
wheel the influence of the windage losses would be considerably 
smaller, but, on the other hand, the blading efficiency would be con- 
siderably less than that given by curve C' which has been calculated 
for a back pressure condition—/.c., with considerably smaller steam 
velocities. Those to whom the difference in the two efficiencies as 
given by the two curves u/c =0'13 appears too large may reduce it. 
The main fact, which I intended to show, remains that the maximum 
obtainable efficiency of a Rateau wheel is 10 to 15 per cent. better than 
that of a Curtis wheel with two rows of blades, and 30 to 45 per cent. 
better than that of a Curtis whecl with three rows of blades. The 
exact value depends on so many conditions—steam pressure, steam 
velocity, peripheral velocity, back pressure, length of blades, output 
of turbine, etc.—that they could not possibly be referred to in this 
paper. 

Stresses іп Discs.—l cannot agree generally with Mr. Livingstone's 
remarks with regard to the stresses in the periphery of the disc or the 
ring and the disc itself. The exact calculation of discs will always show 
that it is a relatively simple matter to keep the stresses at the periphery 
low, whereas it is more difficult to decreasc the stresses at the centre of 
the disc. This may not, of course, apply to inferior designs of blade 
fastening—for instance, in grooves with loose rings, etc.— whereby 
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additional bending stresses are involved, which are difficult to keep 
within reasonable limits. 

Slresses іп Blades.—Bending stresses due to the force of the 
steam can, even for the longest blades, be kept easily within то per 
cent. of the stress due to the centrifugal force, by using for the 
longest blades a blade section with a larger width, say 1} in. instead of 
тїп. The bending stress for impulse blades is relatively smaller than 
for reaction blades, as for the latter the distance between the extreme 
point and the neutral axis is relatively larger than on an impulse blade, 
which is much better proportioned with regard to resistance against 
bending. The additional correction is, for all practical purposes, so 
small that it is not necessary, and it was not my intention to discuss it. 
The statement that “а disc turbine can be made for twice the output of 
a drum turbine other conditions remaining the same " is obviously only 
approximate, and it is evident from the investigation given in the paper 
that this figure may be even enlarged by using discs of a stronger 
design. That the disc turbine is the turbine for large outputs is a 
statement which can be verified by anybody who is able to follow the 
investigation. 

When reading the paper I referred to the work done by Professor 
Dunkerley, whose investigations with regard to critical speeds are 
certainly of great value. The discrepancies in Table IV., Test No. 26, 
are due to an oversight when copying the tables; the pressures 
after the governor valves were given in absolute pressures instead 
of gauge pressures. The additional discrepancies have been eliminated 
in the final proof of the paper. 

Large Outputs of Turbo-generators.—Mr. Davis's interesting remarks 
with regard to the maximum outputs of turbines running at 3,000 revs. 
per minute, made by the A.E.G., show the tremendous development ot 
the maximum output of turbo-generators for that speed which has 
taken place during the last few years. Unfortunately the development 
referred to has not been so rapid in this country, which is mainly due 
to the cautiousness of purchasers of turbo-generators and their reluct- 
ance to try machines of high output running at relatively high speeds. 

Emergency Valves for Mixed-pressure Turbines.—Separate combined 
low-pressure emergency and stop-valves are used in connection with 
mixed-pressure turbines up to 2,000-k.w. capacity. For larger outputs 
the governor valve is closed in case of emergency by cutting off the 
oil supply to the relay governor. This is possible, as the oil pressure is 
exerted only on the underside of the power piston against a strong 
spring placed on top of same, which tends to close the valve as soon as 
the oil pressure underneath the piston is released. In addition a 
vacuum-breaker is usually fitted. Mr. Davis's remarks that non-return 
valves are necessary in connection with reducing turbines agrees with 
our experience. 

Three-bearing Design.—I do not quite agree with Mr. Davis's state- 
ment with regard to the influence of theoretical research work on the 
development and improvement of steam-turbine design, Whereas it is 
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true that the theory was developed after satisfactorily running machines 
were installed, it is also certain that the rapid development of steam- 
turbine design is largely due to the fact that theoretically trained 
engineers were available to utilise the practical experience gained on 
these machines to the fullest extent. I think that the firm which Mr. 
Davis represents, and which is well known for its research work 
published from time to time, is a splendid example to prove this state- 
ment. I do not consider that the remark made during the discussion 
with regard to the difficulties experienced with the three-bearing 
design was intended adversely to criticise it in general. It would have 
been very interesting if Mr. Davis had confirmed that the difficulties 
met with were of the nature referred to in the paper. This would then 
have shown beyond doubt that the three-bearing design is not only 
superior to the four-bearing design from a practical standpoint, but 
that it is also quite practicable from a theoretical point of view, as I 
intended to show in the paper. I agree with Mr. Davis that the 
adoption of the three-bearing design will be more general in the future. 

Efficiency of Curtis Wheels.—Mr. Pochobradsky thinks that the 
difference in the character of the efficiency curves given in Fig. то and 
that given by Lasche is due to the application of reaction in Curtis 
wheels. This is not the case, as is clearly shown by curves B’ and C 
іп Fig. 104, which represent blading efficiencies of Curtis wheels 
calculated without reaction, but for the most efficient blade-angles. 
These curves show increasing efficiency up to the maximum ratios u/c 
given. The nature of curves B and C, given primarily for wheel 
efficiencies, is solely due to the effect of the ventilation losses, as 
referred to in the paper. On page 780 I stated clearly, “Тһе actual 
maximum efficiency and the ratio u/c at which it is obtained depends 
mainly on the inlet angle and the ventilation losses of the wheel.” 
This obviously not only refers to Rateau wheels, but also to Curtis 
wheels. It is true that by applying reaction the efficiency can be 
slightly improved fgr higher ratios u/c; experience shows, however, 
that in order to avoid excessive leakage only a small reaction can be 
applied, and this would not appreciably affect the curves B' and C' 
given for blading efficiencies. The remarks made by Mr. Pochobradsky 
on this subject are therefore at least misleading. 
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FLASHING-OVER IN COMMUTATOR MACHINES: 
ITS CAUSE AND PREVENTION. 


By W. W. FiRTH, M.Sc. 


(Paper received 16th Fanuary, received in final form 19th. February, and read 
before the NEWCASTLE LOCAL SECTION, 11th March, 1912.) 


By the term flashing-over is meant the formation of an arc with 
explosive violence between the brushes of a commutator machine sub- 
jected to abnormal conditions of load. In every case the flash-over 
appears to be associated with high-current density in the brushes and 
excessive sparking. ‘The arc forms a low-resistance path between the 
brushes, and the machine is virtually short-circuited as long as the arc 
exists. The arc is carried away from the commutator surface chiefly 
by the magnetic action of the leakage flux, and is finally broken at the 
outer portions of the brush-gear. In motor or converter cases, how- 
ever, the circuit breaker may operate, and the arc is then extinguished 
by the withdrawal of the power. 

Of all machines the converter is most subject to flashing-over, the 
usual cause being a short circuit on the direct-current side. It also 
occurs frequently in motors subjected to excessive overloads or to 
accidental breaking of the field circuit ; it seldom occurs in generators, 
probably for the reason that armature reaction ongshort circuit greatly 
reduces the voltage across the segments. 

In multipolar machines the flash sometimes extends around the 
circumference of the commutator, but as a rule is confined to certain 
pairs of brushes, a reason for which is suggested later. Flashing-over 
is a source of considerable anxiety to engineers because of the danger 
to attendants and the damage which usually results to the machine itself. 
The brush-gear is generally badly damaged, and often the machine 
is put out of commission for repair. A remarkable feature of the 
phenomenon is that the commutator is seldom, if ever, in the slightest 
degree injured in spite of the fact that the flash starts at its surface. 

A valuable clue to the cause of flashing-over is afforded by a fact 
previously mentioned, that it is always associated with heavy initial 
sparking at the brushes. This may occur at any load, and depends 
upon the setting of the brushes ; a machine set to run sparklessly at 
full load will probably not flash-over at full load, but will do so on light 
load if a short circuit develops in either case. 


1912.) COMMUTATOR MACHINES. 879 


Now there are only two possible reasons for an arc forming between 
the brushes; either an abnormal rise of voltage or a decrease of 
resistance. 

With regard to the former, it is conceivable that a large induced 
voltage may be generated in the armature by the sudden reduction 
of the current when a short circuit clears, but the following calculation 
shows that such a result is very unlikely with the small inductances 
of commutator machines. In the motor on which the experiments 
of this paper were carried out there are thirty-three commutator seg- 
ments between each pair of brushes, the thickness of the mica insula- 
tion being 0'075 cm., giving a total thickness of mica to be bridged 
over of 2:48 cm. ; taking the low value of 20,000 volts per centimetre 
the necessary flash-over voltage is 49,500. Now the induced voltage 


is Lo where L is the coefficient of self-induction of the armature 


between a pair of brushes; the value of L measured by alternating 
current with the field unexcited is оо31 henries, and the maximum rate 
of change of current during flash-over measured on the oscillogram 
Кір. 2 is 8,000 amperes per second, from which the maximum induced 


voltage — 


L | = 248 volts. 

Further evidence that the flash-over is not due to a rise of voltage 
at the brushes is that if it existed the insulation of the armature would 
almost invariably be broken down, a result which does not occur in 
practice. This remark also applies to the possibility of a surge. 

There is left only the second alternative, namely, the establishment 
of a conducting path between the brushes. Here again there are two 
alternatives to consider, the path may consist (a) of carbon particles 
liberated from the brushes by excessive sparking, or (6) of a series of 
local arcs across the segments. The former is somewhat discounted by 
experiments carried out on a model commutator section composed of 
two copper bars insulated by a layer of mica of the usual thickness ; 
the bars were kept at a potential difference of about 20 volts, a value in 
excess of that usual in practice. Carbon dust was sprinkled across the 
mica, but no short-circuiting was observed even when the carbon was 
heated, though it was proved that the voltage was sufficient to maintain 
an arc between the bars when once started by drawing a carbon rod 
across them ; the latter point explains the flashing-over of old turbo- 
alternators with wire brushes. When a wire worked loose and bridged 
ihe segments some distance in advance of the brushes, an arc was 
started across each pair of segments which was afterwards maintained 
by the generated coil voltage ; some such action as this may take place 
with carbon brushes subjected to rapid disintegration by excessive 
current density. 

Consider now the possibility of the production of local arcs between 
the segments by imperfect commutation. With excessive current in 
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the armature coils the reversing field is weakened and the work of 
commutating the increased current is thrown on the brush contact 
resistance. Under these circumstances it is certain that commutation 
will not be complete by the time the leading segment leaves the brush, 
and in extreme cases the coil may be thrown into series with the 
advanced side of the armature when it is carrying current in the 
opposite direction to that in the armature. 

This results in the formation of an arc between the leading segment 
and the brush tip which may still persist between the segments when 
the insulation is clear of the brush. The main current to or from the 
brush must pass through this arc, and a little consideration will show 
that it is in the same direction in the arc as the unreversed coil current. 
After this stage the conditions in a motor differ considerably from 
those in a generator or converter. 

[n the motor the coil short-circuited by the arc has left the reversing 
field and is moving into one of opposite sign under the succceding pole- 
tip. Providing that the arc still exists, the generated voltage of the coil 
is now in the same direction as the short-circuit current with the conse- 
quence that the arc is maintained until it reaches the next brush. This 
action will take place with cvery coil on the armature, and results in a 
chain of arcs extending from brush to brush; the time taken to estab- 
lish the short circuit is that of the revolution of the armature through a 
brush spacing. If the circuit breaker operates in a smaller time than 
this no flash-over can take place. 

In the generator and converter the coil carrying the short-circuiting 
arc is subjected to an increasing reversing field as it passes under the 
pole. Whether the reverse current can exist over this period depends 
upon the initial magnitude of the current, the time constant of thc 
circuit, and the value of the reversing voltage ; in cases of heavy short 
circuits it is probable that the arc will be maintained when the coil has 
moved some distance under the pole and may even exist when the next 
brush is reached. 

As to which of these two theories is the correct one, there are no 
direct means of experimental proof, but it is likely that both agencies 
are concerned, imperfect commutation as a primary cause and carbon 
dust as a secondary one ; probably the function of the dust is to reduce 
the resistance of the arcs over the mica insulation. That carbon dust 
has some influence in producing flash-over is supported by observations 
on a 74-Н.Р. 450-volt Westinghouse motor loaded with a direct-coupled 
100-уо4 50-ampere generator. Flash-over could be produced when 
desired by short-circuiting the fully loaded generator through a 4o- 
ampere fuse, The flash was always present at the upper surface of 
the commutator where the carbon dust is held on by gravity, but none 
were observed on the lower surface where the carbon dust can fall 
clear. Further evidence is that when the commutator and brushes had 
been well cleaned, flashing-over could not be produced until the machine 
had run for some time afterwards. 

To reduce the damage to the brush-gear during the experiment, 
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conducting horns were attached to the two upper brush-holders with 
their free ends extended well beyond the frame of the machine and 
about 6 in. apart. Examination of the horns showed that the arc had 
travelled to their extreme points. 

Fig. r is a reproduction of a photograph taken during an experi- 
mental flash-over, from which the vicious character of the flash may 
be observed. 

Fig. 2 is a copy of a photographic record of current and voltage 
to the motor at the time of flash-over, from which it is quite clear that 
the flash is not started by a voltage rise, and is therefore due to the 
second cause, viz., a fall of resistance across the surface of the com- 
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mutator. The establishment of such a conducting path between ter- 
minals across which a voltage of 480 is maintained is quite sufficient 
to start a current which instantaneously develops into a short circuit. 
The arc ts then blown out by the leakage flux, but another one is at 
once started unless the short-circuit has cleared; a succession of 
flashes occurs so long as the short-circuit lasts. 

In the voltage record of Fig. 2 there are large fluctuations below 
the normal voltage terminated by a falling line as the machine comes 
to rest, the main fuse of the motor having blown during the short 
circuit. 

A distinct change in the slope of the current curve will be noticed at 
A, which point probably represents the instant of flash-over ; it is of 
importance to the theory of progressive short-circuit to note that the 
time measured on the oscillogram from the bottom bend up to À closely 
corresponds with that required for a segment to move from one brush 
to the next. 
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Until the fuse blows the arc is maintained by the supply mains, 
and afterwards by the energy stored in the revolving armatures. The 
maximum current recorded on Fig. 2 is nineteen times full-load current, 
and the energy absorbed is about 7,500 ft.-lbs. ; the total time of flash- 
over measured on Fig. 2 is o'4 second. The ripples in both voltage 
and current appear to be due to the varying length of the arc as it 
passes over the irregularities of brush-gear and horns. 

Prevention of Flashing-over.—'YThe real solution of the problem of 
flashing-over is in the design of machines with good commutation and 
with an ample allowance of insulation between the segments. In 
machines which arc subject to the trouble, either the current must 
be prevented from attaining an exccssive value, or, the travelling arcs 
and liberated carbon particles must be prevented by mechanical means 
from moving across the surface of the commutator. 
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Inductance in the line has the effect of retarding the growth of the 
current and so allowing time for the short circuit to clear, but it has 
been found that an effective choking coil for this purpose would be 
of prohibitive size and cost. Cut-outs operate too slowly to be pro- 
tective. 

A most effective preventive of flashing-over has been found by the 
author in the use of asbestos-faced wipers placed between the brushes 
and extending the full length of the commutator. With these wipers in 
position it was found to be impossible to produce a flash-over under the 
most extreme conditions of load and sparking. On short-circuiting 
the loaded generator aeshower of flashes starting from the brush-tip, 
travelled over the surface of the commutator to the wipers, where 
they were instantly quenched. Fig. 3 is an oscillogram taken under 
these conditions, from which it will be seen that the maximum current 
reached is about five times that at full load. 

A further advantage in the usc of the wipers is that the surface of 
the commutator is kept quite clean and normal sparking reduced to a 
minimum. The only drawback to their use is that they retain the 
carbon dust, and after a time become dirtv. This results in some slight 
sparking under the wipers, particularly if set, as in this experiment, in 
the central position where the segments are carrying their maximum 
voltage. "This points to the advantage of using thin wipers set close to 
the trailing tips of the brushes, and arranging them so that they may be 
easily cleaned or renewed. 
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The arrangement now used is to make the brush box double, the 
second compartment carrying the wiper. On the heaviest short circuit 
sparking is confined to the narrow space between the brush and the 
wiper. 


DISCUSSION. 


Dr. W. M. THORNTON : I had the idea of making some researches 
by means of the oscillograph into the question of flashing-over some 
years previously, and at that time I approached Messrs. Parsons with 
regard to experimenting on one of their machines, but as they did not 
seem anxious to run the risk of damaging valuable machinery the 
project fell through. At the same time, I held the theory that flashing- 
over was due to an inductive rise in pressure caused in the case of 
converters by the opening of the circuit breaker on a short circuit, 
but the author maintains that the lowering of the resistance of the 
path between the brushes, due to the formation of arcs between 
segments, is the real cause. It is a question which only the oscillo- 
graph can solve, and the latter is shown in the paper to be the correct 
explanation. Had the induction theory been correct, the flash in the 
case of a generator would follow the circuit breaker acting, and also 
generators would have been more liable to this trouble than motors, 
on account of the pressure piling up and finding a return path over 
the surface of the commutator. The proof of the correctness of the 
author's theory lies in Fig. 2, in which a distinct change in the running- 
up slope of the curve is seen at A, just previous to the flash taking 
place. It might be suggested that the effect could be minimised by 
having a resistance in parallel with the circuit breaker, but as the 
flash-over, in motors at least, usually commences before the breaker 
has time to act, it is obvious that nothing we could do to the circuit 
breaker could possibly have any effect in preventing the flash, though 
it might, by cutting off the supply, lessen the damage done. I believe 
with the author that the explanation is rather to be found in the 
maintenance of a true arc between segments than in the carbon dust 
theory alone, though there can be little doubt that disintegration of 
the brushes and possibly some local ionisation contribute to the result. 
The author's simple device, the efficacy of which we have all seen 
demonstrated, could be very readily applied in practice, and in the 
form shown would cost little in attention and renewals. 

Professor D. RoBERTSON (communicated) : I would like to ask the 
author whether the statement given at the foot of page 878 regarding 
the effect of the original brush position is put forward as a direct 
result of his experiments, or as his opinion of what he would find if he 
tried it. His explanation of the cause of the flash-over is a very likely 
one in many cases, as it is not an uncommon occurrence with some 
kinds of carbons to see a red spark, 1.е., not an arc, carried round the 
commutator, even when there is no appreciable sparking at the 
brushes. I do not think, however, that disintegration of the brushes 
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is at all necessary. Overload produces sparking, which is the more 
violent the less load the brushes have. These sparks are nothing but 
small arcs from the brush to the segment, and may easily bridge from 
segment to segment if not quenched in time. In the ordinary wav 
they are put out by cooling below the temperature at which the air is 
a good enough conductor, but if they are not extinguished in time a 
succession of them may produce an arc from brush to brush. The 
higher the speed of the machine the less the time for which the arc 
must last before it can be drawn from brush to brush and the more 
likely will flashing occur. Also, the more energy the current supplies 
to the агс--і.е., the higher the voltage between the segments—the hotter 
the segments and surrounding air are, and the lower the barometric 
pressure the longer will the arc between the segments be maintained 
and the greater the risk of its reaching too far. The voltage between 
the segments at the departing edge of the brush, which maintains the 
arc as the segments leave the brush, is raised in a motor and lowered 
in a generator by the armature reaction; hence the greater danger 
with the former. With rotaries the matter is complicated bv the 
oscillations of flux produced by hunting, and they are made worse by 
the fact that the converter may act as an ordinary generator after the 
alternating-current supply is cut off, when its commutating conditions 
are worse than those of a standard generator. Can Mr. Firtb say from 
his experience whether the flash-over with a converter occurs before 
or after the circuit breaker on the alternating-current side has done its 
part? In any case, sparking before the overload occurs heats the 
commutator and consequently increases the risk of the flash-over. 
The oscillograms given in the paper are very instructive and fully 
confirm the author's opinion as to the instant that the flash-over 
commences. The speed of the machine is not given, but it is probably 
not far from 1,200 revs. per minute, in which case a quarter turn 
of the armature would take 45 second. The time elapsing between 
the commencement of the overload and the sudden rise of current is 
of this order and is therefore consistent with an arc, or a series of 
particles, being carried from brush to brush to start it. 

Mr. G. Stoney: I think Mr. Firth is to be congratulated on his 
experiments, and I am only sorry that it was not possible to carry out 
Dr. Thornton’s experiments as proposed. Flashing-over occurs, as I 
have always thought, without rise of voltage, and it is also liable to 
occur when the maximum voltage per segment is high, or the pole-tips 
are badly shaped, and also where the armature reaction is considerable. 
Attention to these points in design and the provision of thicker mica 
between the commutator segments helps to obviate flashing over. 
Another point worth considering is that 4-pole machines are much 
more liable to flash over than 2-pole machines. This is probably due 
to the interchange of current between the sections of the windings. 
We tried wipers about ten years ago, but we were convinced that they 
were not practicable, and I do not think it is feasible to fit them on 
commercial machines. 
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Mr. W. BAXTER : I think that the leakage field has a good deal to do 
with starting the flash on its journey away from the commutator, and 
also in eventually blowing it out. I have seen some very severe flashes 
on generators, and if they are any more immune than motors it is 
probably due to the fact that a designer usually ensures that the spark- 
ing constants are better. I agree with the author that a rise in voltage 
is not the cause of flashing, but not with his calculation as to the 
voltage necessary to flash over all the mica segments, because, while 
this might be correct for a perfectly clean commutator, a very much 
lower voltage is sufficient to flash right round a commutator which has 
been working for some time. I donot agree that any one set of brushes 
is specially liable to flash, and in any case gravity can have nothing to 
do with it because on this particular machine, running at 1,500 revs. per 
minute, the force of gravity is only about 1 per cent. of the centrifugal 
force. I think that wipers are good enough on gas engines and 
machines of that sort, but they are out of place on electric motors, and 
it would be extremely difficult to sell machines fitted with them. 
Machines designed to carry тоо per cent. overload sparklessly would 
not give much trouble due to flashing over. 

Mr. J. SCHUIL: There is no difficulty in making any ordinary motor 
spark over. Even a 2-pole machine will do so if the excitation is 
reduced sufficiently, sometimes even unloaded. On a machine with 
commutating poles the excitation may be almost reduced to zero as 
these poles will prevent the machine from flashing. On the other 
hand, we may get an incandescent point formed by carbonisation of 
the mica between the segments to run right from brush to brush with- 
out causing a flash-over. That in a well-designed' machine the 
maximum voltage per segment may be very high is proved by some 
2,000-volt machines made by Messrs. Brown-Boveri & Co., in which 
the maximum voltage per segment is 52 volts. It seems to me that 
these facts prove that the cause of flashing over is not so much the 
pressure of dust on the commutator as faulty design, and that the 
remedy lies in providing the right conditions at the point of reversing. 
Referring again to the Brown-Boveri machines, I believe that to effect 
commutation they provide a carbon brush with a copper brush leading 
separated by a sheet of asbestos and electrically connected by a 
resistance. The width of the brushes is such that they cannot touch 
two segments at the same time. I have noticed very often that 
sparking over is caused by high mica on the commutator. This is 
especially so with new machines, as the heating of the commutator 
causes it to expand, and on cooling the mica does not contract. If 
such a machine is not hourly attended to, it will spark very badly and 
easily flash over. I had such a case a few weeks ago, the machine 
flashing over whilst I examined the commutator. In some of the 
earlier electrical company's motors of the S type made with ring 
armatures the field had a lot of iron, and as they had a very small shunt 
current they could be run almost without excitation without flashing. 
In the present design of drum armatures the amount of iron is cut very 
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low, tending also to make them flash over easily. Referring to Mr. 
Burgess's remarks on the use of condensers to extinguish the spark, I 
may say that I have recently made some experiments with condensers 
for direct current, and found that they are very unsatisfactory for over- 
loads ; in fact, I found that a condenser which would prevent an arc when 
breaking 22 amperes would show no effect at all with 25 amperes. 
This test was repeated several times. Electrolytic condensers are not 
suitable for direct current. 

Mr. R. E. КЕЕ АХ : The author in his paper attributes the cause of 
flashing over to an accumulation of conductive particles on the surface 
of the commutator, between two brushes of opposite polarity. There is 
no doubt that in many cases this is the cause, but I should like to state 
that I have noticed several cases of bad "flashing over" in which the 
author's геазоп--і.е., a dirty commutator—has been entirely absent. 
One case in particular that has come under my notice was that of 
a Soo-volt self-excited shunt generator, which had never been pre- 
viously run, and had a perfectly clean surface, and yet flashed when 
running on open circuit ; the initial sparking was caused by the brushes 
being a little out of the neutral zone. Being anxious to find out the 
cause, I left the brushes in the above-stated wrong position, and started 
the machine from rest, with no resistance in the shunt field circuit—z«.c., 
with full shunt and with a voltmeter connected across the brushes. 1 
found that immediately the machines reached a voltage of 550—600 
volts it flashed over ; on shutting down the commutator surface was 
found to be quite clean, except for the blackening of the surface due to 
the arc. I would suggest the following explanation : At the moment 
the violent sparking occurs—i.e., at almost the same instant as that 
of flashing over, the excessive current in the coil which is short- 
circuited by the brush causes the brush-tips to become almost incan- 
descent, and thus ionises the thin layer of air, which tends to revolve 
in the same direction as that of rotation of the armature, due to the 
skin friction of the commutator surface ; it thus considerably reduces 
the resistance of the atmospheric path between the two adjacent 
brushes. I think that the author's arrangement of fixing asbestos 
guards and wipers on the brushgear is effective, not so much bv 
reason of its keeping the commutator clean as by destroying this thin 
layer of revolving air. This, coupled with the inertia of the spark due 
to the speed of the commutator, tends to break down the resistance, 
prolongs the already existing spark—the maintenance of which is also 
assisted by the gradually increasing voltage between the individual 
segments as the armature conductors travel through the polar arc—and 
results in a flash-over. Flashing over is often well marked with 
machines fitted with interpoles, especially when the voltage per 
segment is high ; and when the machine is subjected to a large and 
sudden fluctuation of load or short circuit, owing to the strong dis- 
tortion of the flux thus produced, which is accentuated by the inter- 
poles, an enormous potential difference between adjacent segments 15 
set up, which frequently causes a flash-over. As a remedy for this 
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trouble a compensating winding is needed, such as is used in turbo- 
generators and rolling mill machinery. 

Mr. W. A. A. BuncEss : The trouble of flashing-over appears to me 
to be wholly a question of design. Wipers are sure to give trouble when 
they become dirty, and I can hardly imagine these being used on a 
600-volt traction motor. А strong current of air from a fan fixed inside 
the armature and arranged to be especially directed at the heel of the 
brush might make a fairly good job, but at the same time I think the 
prevention of flashing should be prevented by designing the machines 
to suit the load. I would like to know if the author or any other 
member has tried the means Mr. W. A. Price uses for commutating his 
machines. It appears to me that it could be done with an ordinary 
direct-current commutator machine in just the same way. Mr. Price, in 
a demonstration of the capabilities of his machine before this section, 
drew attention to the fact that a current of any magnitude can be 
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successfully broken in air without sparking if a suitable condenser is 
shunted across the break. In applying this to a commutator and using 
an electrolytic condenser of the aluminium cell type, this being formed 
to give the largest capacity obtainable for a given size, and having also 
the advantage of a definite breakdown pressure and an equally definite 
sealing action, he found that he still got sparking at the moment when 
a brush bridged two segments, this being due to the discharging of the 
condenser. To get over the difficulty, he arranged an auxiliary contact 
in such a manner as first to short circuit the condenser through a suit- 
able inductance as shown in Fig. A. This was found to be quite satis- 
factory and efficient. A modification which has occurred to me consists 
in the application of this arrangement to an ordinary commutator (Mr. 
Price's being of a very special nature), and is shown in Fig. В. A main 
current-collecting brush is provided with an auxiliary trailing brush to 
which it is connected through a suitable capacity, both brushes being 
narrower than one commutator segment. Between these two brushes 
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and insulated therefrom by a thin layer of mica or fibre is placed a very 
thin brush connected to the trailing brush through a suitable inductance, 
and the brushes are so spaced that tne coil circuit can only be broken 
when shunted by the condenser, and the condenser can only be short- 
circuited initially through the inductance. This arrangement is not put 
forward as a substitute for the known forms of commutation, or even 
as an alternative to commutating poles, but rather as a means of 
improving commutation where it cannot be obtained sparklessly by the 
usual means, and more particularly, perhaps, as a means of removing the 
prejudice against alternating-current commutator machinery. The point 
to be guarded against above all others in adopting the above device to 
improve commutation as a means of preventing flashing over, is the 
coincidence of the frequency of the break with the natural frequency of 
the auxiliary condenser-cum-inductance circuit which is a condition of 
perfect resonance. I would also like to know if any one has had 
experience with elecirolytic condensers across the brushes, and if anv 
results have been obtained. 

Mr. FIRTH (in reply): In reply to Dr. Thornton, I may say that if the 
theory put forward in the paper is the correct one a circuit breaker 
which operated in a shorter time than that required for the commutator 
to turn through a brush spacing would be an effective safeguard against 
flashing over. The motor used in my experiments flashed over more 
frequently when copper fuses were used to short-circuit the generator 
than when the quicker-acting tin fuses were employed. 

With reference to Professor Robertson’s question, the statement 
respecting the сНесі of the original brush position is not the result of 
experiment, but is suggested by the fact that initial sparking is .the 
usual preliminary to a flash-over. No experiments were made on con- 
verters, as the machines available were of too low a voltage to give the 
effect. 

As regards Mr. Stoney’s remarks, I think the reason that multipolar 
machines are more liable to flash over than bipolars is that, generally 
speaking, the time of movement of a segmentfrom brush to brush is less 
in the former than in the latter. It would be interesting to know 
exactly why the wipers were unsuccessful in his machines, 

In reply to Mr. Baxter, the arc theory of the paper sufficiently well 
explains why motors are more subject than generators to flashing over 
without attributing it to less careful treatment on the part of the 
designer. The calculated flash-over voltage is for a clean com- 
mutator ; but it would be of the same order of magnitude for a com- 
mutator after use. I think there is sufficient margin between the 
calculated values—viz., 49,500 volts and 248 volts—to disarm any 
criticism on that point. It is impossible to calculate even approxi- 
mately the centrifugal force acting on a particle when liberated from 
the brush. At the instant of release thé particle is at rest and probably 
never attains the speed of the surface of the commutator. Morcover, at 
the lower brushes centrifugal force never comes into action,.because 
the particles fall clear immediately they are released from the brush. 
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I know of no objection to the use of suitably designed wipers, and if 
they are effective for their purpose no one should hesitate about buying 
machines fitted with them on account of their appearance. 

If Mr. Keelan will refer to the paper as read he will find that the 
presence of dust is not regarded as essential. The case he quotes is 
explained by the local arctheory. There may be some truth in his sug- 
gestion that a layer of ionised air is formed on the surface of the com- 
mutator ; but it is not a necessary one. The function of the wipers is 
more probably to remove the small arcs mechanically. 


Mr. Firth. 
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1,200-VOLT TRACTION IN THE UNITED STATES 
OF AMERICA. 


By T. STEVENS, М.Е., Member. 
(Paper received 16th Fanuary, 1912.) 


Under the Board of Trade Regulations, which are reasonable, 
tramways have in Great Britain long since shown what is the limit of 
the distance from feeding-point that can be worked for any service. 

Obviously doubling the supply voltage approximately halves the 
current for any traction unit and doubles the distance the earthed 
return can carry a definite amount of current without exceeding the 
7-volt rule. 

Conditions in America are so unlike those in England that direct 
comparisons are not always applicable, but the use on railways of 
double the usual supply voltage has been sufficient to render some of 
the results of a recent inspection and study of this subject of interest 
to those dealing with tramways and railways. 

Plans of lines so equipped in the United States accompany this 
abstract. These have been drawn to a uniform scale except in the case 
of the Southern Pacific Company's electrified suburban section, which 
requires the larger scale specified in Fig. 3 to show it clearly. 

The service for which any system was originally designed is seldom 
that actually run, but the services actually being run when this data 
was collected have been studied and are partly shown plotted for the 
busiest morning hours, together with diagrams of the respective feeder 
systems from sub-stations, the distance scale in the time table being 
identical with the scale of the plans. 

There аге 12 systems enumerated in Table I., using 1,200 volts. In 
every case multiple unit control is used, and all cars are equipped with 
tH straight aic brake system. 

In most cases the cars collect at some part of their routes from 
600-volt contact wires іп addition to collecting from 1,200-volt contact 
wires in the parts of their routes shown in the plans. 

Four motor equipments are used in every case. Each motor has 
600 volts across its terminals on the 1,200-volt supplv, and 300 volts on the 
600-volt supply—j.e., the two motors are permanently in serics—with thc 
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exception of a single line where 1,200-volt motors are used. Of course, 
insulation for 1,200 volts is necessary in every case.* 


WASHINGTON, BALTIMORE, AND ANNAPOLIS 1,200-VOLT LINE. 


The Graphic Time Table in Fig. 1 shows part of the Washington, 
Baltimore, and Annapolis service (No. 11, Table I.), and Table IV. 
summarises one whole day's running. 


* One inter-urban company was installing double-throw switches to enable them 
to cut two of the four motors out of circuit at such times as they were taking current 
from an overloaded city 600-volt system, leaving two motors each receiving the 
maximum available voltage to drive a car. Electrolysis has been the subject of 
especial study in this case. One test showed pipes returning 38 per cent. of 12,000 
amperes output from power house. The maximum positive pipe potential before 
1905 was 24 volts. Ву the addition of return feeder cables and extra bonding, 
this has been reduced to under 2 volts. This work was described by Messrs. 
Lampher and Smith before the Engineers’ Society of Western Pennsylvania on 
20th June, 1911. 


Fic. 2.— Voltage Drops in Overhead Contact Wires, Feeders, and Rails. 


The straight lines show average drops over the working day and time table. 

The full curves are based on 39 k.w.-hours per car-mile, 35 miles per hour average, 48 miles per 
hour maximum. 

The dotted curves are based on instantaneous values under maximum load conditions in Fig. 1 
which are at the times stated. 

Single cars only. The figures stated refer to rail drops. 
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Three-phase bulk supply is delivered from Benning's power house 
at 6,600 volts to sub-station No. 5 (4 miles from Washington terminus, 
At sub-station No. 5 it is stepped up to 30,000 volts, whence trans- 
mission lines in duplicate run 35 miles. At 7 miles out both transmis- 
sion lines are tapped off between pairs of isolating switches in each 
cable to sub-station No. 1, thence 13} miles to Academy Junction with 
similarly arranged tappings to two sub-stations—viz., No. 2 at this 
junction, and through o'i sq. in. single set 14 miles to Annapolis 
sub-station No. 4. 

The duplicate transmission proceeds from the junction 14 miles 
on to sub-station No. 3, which is not far from the point where the 
1,200-volt supply ends, and the run into Baltimore is continued on 
600-volt city supply. At the other end the cars run 7 miles on 600-volt 
Washington city supply. 

The contact wires shown in Fig. 1 are two in number from 
Washington to Baltimore, and single from Annapolis to Annapolis 
junction. At Academy Junction the contact wires are provided with 
six switches on poles, so that any of the four branches or the crossing 
within the six switches can be isolated or fed from either direction. 

The connections between 1,200-volt feeders and contact wires are 
indicated. These are 1 mile apart. 


SOUTHERN PACIFIC COMPANY. 


The largest suburban system is the Southern Pacific Company's 
(No. 4, Table I.), for which the steam service (1st March, 1910) then to be 
superseded is plotted in Fig. 3 to the same scale as other graphic time 
tables. (The plan is to the larger scale stated.) From one to twelve 
cars are run ina train from each of two piers, served by ferry boats 
from San Francisco, which is 4 miles away. The lines are all 
through streets in residential suburbs. 

The power house is planned for four 5,000-k.w. turbo-alternators 
supplied from water-tube boilers fired with crude petroleum. Three- 
phase 25-cycle 13,000-volt current is generated. The preliminary 
estimate for loads was :— 


x | 

аныз Kilowatts | 
Power house, Fruitvale... 29 E 15,000 8,700 | 
Sub-station No. 1, Fruitvale «ss oe 3,800 1,800 | 
Sub-station No. 2, West Oakland sis 7,200 4,000 | 


Sub-station No. 3, North Berkeley 55 3,400 1,700 | 


FIG. 4. 
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Duplicate sets of transmission lines, following distinct routes, feed 
sub-station No. 2 and continue on to No. 3. In these sub-stations 
3-phase transformers step down to 440 volts for supply to rotary con- 
verters that furnish direct current at 1,200 volts. Two 750-k.w. 
600-volt converters are mounted on one base, connected two in series 
and insulated from earth. 

The overhead trolley system is of the single catenary form of con- 
struction with messenger hanger supports spaced 15 ft. apart. Under 


TABLE V. | 
Southern Pacific Company's Cars for Electrified Suburban Lines. 


| 
COMER Motor Coach. Trail Coach. | 
Weight of car body only... | 41,300 lbs. | 41,300 lbs. | 39,000 Ibs. | 


mentandair brakeequip- >| 13,800 ,, 13,800 ,, 3,800 ,, 


Weight of electric sque. | 
ment on car body 


Weight of trucks, frames, 
wes and axles | 241490, 2499: » 20/499. 3 
Weight of electric equi 
mist on trucks... i A "| 20,650 , | 20,050 , mn 
| 
| Weight of car complete | 103,1 50 » | 103,150 ,, 63,200 ,, 
| 
Seating capacity ... - 89 116 116 
Length over buffers 208 68 ft. 73 ft. 73 ft. 
Г------------------ү-------------- 
Width of car overall  ... IO ft. 6 in. 
Height from running rail to | i 
top of roof ads 3» 9» | 
Distance from running rail | 
to underside of sills | 3» 9» | 
Seat centres ee T 281,, 
Truck T ei БЯ? 45 „ Ol, 
Wheel base of car iix 52 , Ol, 
Wheel base of track ist 7 5 X 


normal conditions the trolley system is connected in solidly by jumpers 
and switches around section insulators. 

Fig. 4 shows a photograph of the construction leading to the land- 
ing-stage. 

The population served is approximately 250,000. The estimated 
consumption of energy was 83 watt-hours per ton-mile. The maximum 
speed of a train made up of one motor-car and one trail-car is 42 miles 
per hour. 

Passenger Fares.—Generally the fares charged are 10 cents (5d.) 
from San Francisco to any point shown on the map (Fig. 3), except to 
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Stonehurst, where 5 cents (2}d.) additional is charged between Fruit- 
vale and that point. Season tickets (“ commutation tickets ”) are sold, 
good for one round trip daily, at the rate of $3.00 (12s. 6d.) per 
month.* 


Illinois Central 
Suburban Lines 
within 20 Miles 


Southern Pacific 
Suburban Lines 


in Fig 3. of Chicago. 
Passengers in last financial year ... as 25,000,000 28,000,000 
Passengers in previous financial year... 23,000,000 25,000,000 


MILWAUKEE. 


The 1,200-volt lines in Milwaukee suburbs are shown in Fig. 5 
(which also shows four other plans to same scale). In winter there is 
an interval of 2 hours between trains in each direction. In summer 
this is reduced to 1-hour interval, and in busy hours each motor- 
car draws one or two trail-cars and even three trailers on holidays. 

The usual advertisement is * Your watch is the time table." "The 
cars start from the Central terminus on the hour. 


: INDIANAPOLIS AND LOUISVILLE. 


Fig. 6 shows a plan and graphic time table for the r,200-volt sec- 
tion of the line between Indianapolis and Louisville. 


PITTSBURGH, HARMONY, BUTLER, AND NEWCASTLE RAILWAY. 


Fig. 7 shows similar details t Pittsburg, Harmony, Butler, and 
Newcastle Railway. 

A study of the value of 1,200 volts for interurban railways, pre- 
sented to the American Institute of Electrical Engineers at Philadelphia, 
roth January, 1910, by Mr. C. E. Eveleth, gave estimates for four repre- 
sentative types of American single-track lines of 100 miles each, and 
concluded that 1,200 volts is то per cent. to 20 per cent. cheaper in first 
cost, and то per cent. to 15 per cent. cheaper in operation and in 
maintenance, than 600 volts for same service. 

For extensions in Great Britain, where it is necessary to consider 
1,200 volts, we can only assume that the track will be single, with turn- 

* Passengers per Annum.—The traftic (steam drawn) over the Southern Pacific Com- 
pany’s suburban lines shown in Fig. 3 is compared below with that over the Illinois 
Central lines running from 15 to 20 miles out of Chicago. The latter was chosen for 
this comparison because it is the heaviest suburban traffic in U.S.A. handled by a 
single company :— 

ł The Brescia Toscalano Railway line in Italy has a 1.200-volt overhead con- 
ductor. For its 33 miles of single track it has two sub-stations with accumulators ; ro 
cars, each equipped with four 45-H.P. mctors ; a 12-k.w. double-wound generator, 


seats for 50, standing room for 10; weighing 22 tons; also one car with two 45-H.P. 
motors anda generator ; seats for 20, standing room for 10 ; weighing 9 tons, 
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outs of such length and locations that our cars will not interfere with 
each other. 

The following is abstracted from an investigation of the value of 
doubling the supply voltage as a means of improving the profit margin 
in the earning capacity of prospective tramway extensions. They are 
useful in this abstract comparatively rather than separately, because 


TABLE VIII. 


Approximate 1910 Data of Electric Railways in the Uniled Kingdom in 
Groups according to Length. 


t 


Group. 1. 2. 4 5- 
Length Limits, Track Miles. Under 6. 6 to 10. 21 to 30. Over 31. | 
Peete NE ue - =. = А 
5 | 
Number of undertakings 5 7 2 2 | 
Average length s 37 | 8 27 37 | 


local conditions in апу case have so considerable an influence on such 
calculated results that special study is essential in cach case. 

Table VI. groups together the 1,200-volt lines of similar lengths in 
Table I. Tables VII. and VIII. give corresponding data on electric 
tramways and railways in Great Britain. 


TABLE ІХ. 
Motor-cars per Mile of Track. 


—————— ~~ ——— - =—- =e- — -—. ------ 


J,200-volt Inter-urban Soo-volt British | 
Lines in U.S.A. Tramways. 
Cars per Mile. Cars per Mile. 
Under 20 track miles 0°27 35 
21 to 30 track miles ... 0'23 32 
Over 41 track miles ... 047 73 
Total cars on all lines) 
mentioned ... ie) 228 11,560 
Total track milcs m 550 2,450 


These tables make it clear that it is not on lines comparable with 
British tramways that 1,200 volts has been adopted, but on lines with 
far less traffic density. With the traffic density on most British tram- 
ways there is less necessity for having so great a distance between 
substations in order that capital outlay may be well utilised. It must be 
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remembered that the “regulation 7-volt drop” limit in earthed return 
must not be exceeded in Great Britain, and this is more readily accom- 
plished the higher the pressure. In Amcrica, as previously stated, there 
is no such specified limit. 

Fig. 8 shows a part of a sample British tramwav in plan and contact 
wire, feeder, and rail drop from A to G, neglecting the conductivity of 
the earth, with 500-volt power supply at A (i.e., without sub-stations) and 
centre of traffic at C. The dots represent 16 cars running a 2-minute 
service between C and F, and 7 cars, 3-minute service F to G, with 
1*6 k.w.-hours per car-mile average input. Тһе distances аге to scale, 
the last car is 3:6 miles from the power house and 2'3 miles from the 
boosted rail return feeding-point at E. 

The broken and dotted lines indicate positive feeders 3°5 sq. in. 
section between A and С, о”75 sq. in. between C and F, 0'25 sq. in. C to 
I. From A to С double tracks with two contact wires of 0'166 sq. in. 
section are in use. 

The supply to r3 cars running 3-minute services I to J and J to K, 
also 4 cars on 14-minute service C to I, and 2 cars on 5-minute 
service C to Н, and т car A to C, contribute their quota to these 
drops. 

Fig. 9 gives drops on a hypothetical 1,200-volt installation over a 
route of 6 miles with 4 carsrunning on 15-minute service at 16 miles per 
hour. With half-mile runs the consumption of energy is 1:4 k.w.-hours 
per car-mile and 6'6 volts rail drop. 

In the case shown in Fig. 12 the pressurc is again 1,200 volts, with the 
same length of line as in Fig. 8, but with a 4-minute service and 12 cars 
running at 10 miles per hour and quarter-mile runs. The energy 
consumed is 1:6 k.w.-hours per car-mile with 7 volts maximum in rail 
return. 

Fig. 10 is based on average data of a number of British tramways 
fed from sub-stations 4 miles apart on the average, with various services ; 
the average car weighs 14 tons with two-motor equipment and runs at 
ro miles per hour with 4 minutes headway, consuming 1'6 k.w.-hours 
per car-mile. For two overhead copper contact wires each o'1 sq. in. 
section, 0'213 ohm per mile at 20? C. and for rail return 0°03 ohm per 
mile. The average drops in 500-volt contact wires and rails are shown 
in Fig. ro, and in addition the instantaneous drops are shown assuming 
two cars starting with roo amperes each and three others running with 
average input and one standing. _ Alongside of these in Fig. r1 are 
shown results, not quite in proportion to the voltage, for 4 motor-cars 
weighing 17 tons with 12 per cent. higher car speed and 20 per cent. 
higher energy consumption per ton-mile and 43 per cent. higher energy 
consumption per car-mile. The contrast between Fig. 11 relating to 
1,200 volts at the sub-stations and Fig. 10 relating to 500 volts at the 
sub-stations is striking.* 

* Level, 1 mile per hour per second acceleration, 1:5 retardation, 50 seconds coasting 


in each half-mile run, motor characteristics assumed same for both cases. It is 
evident that special insulation would be necessary for the 1,200-volt equipment. 
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Referring again to the graphic time table, Fig. 1, showing part of the 
Washington, Baltimore, and Annapolis service, to show how American 
average drops and instantaneous maxima compare with British practice, 
Fig. 2 has been plotted, assuming single cars running at the times 
Stated. It must be understood that the actual service is a single car 
service during slack hours only. There were no vested interests there 
before the electrification that required considerations of a 7-volt drop in 
an earthed return to enter into their calculations. This 7-volt limit is 
quite reasonable where it is applied in this country, and means only, if 
exceeded, some one is willingly assuming the responsibility for consc- 
quential damages. Our calculations assume the rails carry all the 
current, i.e., we neglect the earth's conductivity. Three “ drops” are 
shown, viz. :— 


1. Drop in contact wire and feeder, also rails, averaged over 
service hours for service time table (Table IV., page 896) ; 

2. Values with average input ; and 

3. Instantaneous values with single cars starting at points “S” 
and single cars running with average input at points “К,” 
which correspond with the largest demands in graphic time 
table, Fig. r. 


Appreciation is expressed of courtesies extended and information 
given by A. H. Babcock, Esq., Electrical Engineer, Southern Pacific 
Company; H. Etheridge, Esq., Superintendent, Pittsburgh, Butler, 
Harmony, and Newcastle Railway ; C. E. Eveleth, Esq. ; А. P. Gould, 
Esq., President, Aroostook Valley Railway ; J. R. Hewett, Esq. ; H. M. 
Hobart, Esq., Consulting Engineer; R. V. Miller, Esq., General 
Manager, Sapulpa and Inland Railway; Е. R. Newman, Esq., General 
Manager, Southern Cambria Railway ; J. N. Shanahan, Esq., Vice- 
President and General Manager, Washington, Baltimore, and Annapolis 
Railway ; and A. W .Ѕреггу, Esq., Engineer, Shore Line E.R. Company. 
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